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UANTA l 


Solid State 


Hints & Solutions 


1. Correct answer is (b) 


1 


width of conduction band-x —— — — — — 
lattice dim ension 


2. Correct answer is (b) 


O 


Q 
MSc EE 8 


325.6x 43  325.6x43 


- d,,, = =108.5pm 
>a =325.6 x /3 > 333 Bess RE 


3. Correct answer is (c) 


——————————— ——— E,=20ev 
-------------------- E;-1.99 ev 
> Fr 8 ev 

E,-0 
At T-0K, 
SS B.E; E 2.0eV +1.98eV 


2 : 2 
For fermi level lies exactly halfany between the bottom or conduction band and the donor level. But 
as temperature is increased fermi level drops (1.e., Ef decreases). 
4. Correct answer is (c) 


Atoms that are packed in fcc structure. There are 8 atoms in the corner ofa cube. Since a corner of cube is 
shared by 8 unit cells. 


Hence total atoms contribution to a unit cell = 8 x 1/8= 1 atom. 
Atom ina face is shared by two unit cells and there are 6 faces in the cube. Hence atoms = 6x 1/2 =3 
atom. Total number of atoms in fcc = 3 + 1 = 4 atoms. 

5. Correct answer is (c). 
Ifthe number of close packed spheres be N then the number of tetrahedral voids are 2N. Since all the 
tetrahedral holes are occupied. Hence the correct option is CaF, 

6. Correct answer is (b) 


Given a= 4.04 A 


404A ` 
2x1.44 


a [0] 
For fcc lattice r = = 1.428 A 
242 
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Solid State Chemistry 


7. Correct answer is (b) 
hc hc 6.626x10 ^ 3^]sec x3 x 10*ms'! 
A E 1.98x10-1? 


= 10.039 x1077m = 1003.9 x 10^ m = 1003.9 nm 
This wavelength lies in the IR region 


8. Correct answer is (all options are incorrect ) 
The angle between two planes having Miller Indices (hi kı li) & (hz k2 l2) is given by 
hih + kik + lo 


cos 8 —————————————— 
Jh +k? +l? Jno +k + 
, 1x1+1x1+0x1 2 V2 
COS See es SO 
J12 +12 +02 /12+12+12 v2v3 v3 


cos 8 = 0.816; 6 = cos (0.816) 
6 = 35.27° 


9. Correct answer is (c) 


We have 
ZM pMa’? 
= M = = 
P= Noa? Z 
TN (1.33g cm*)(6.023x10*?mole™*)(500x107*°cm)? — 2E 


4 


10. Correct answer is (c) 
volume occupied by particles 


Packing fraction — 
SS total volume of the unit cell 


(No. of particles per unit cell )x (volume of 1 particles) 
7 total volume of the unit cell 
For simple cubic lattice, 
Number of particles per unit cell = 1 
Volume of one particle= 4/3 nr? 
where, r = radius of one particle and a = unit cell edge length. 
Then the total volume of the unit cell = a? 
1x inr? 4 r? 


= —xX3.14 X ——— = 0.52 


Packing fraction = a (ary 


[for SCC, a=2r] 


11. Correct answer is (a) 

We know that, selection rule for allowed reflection for BCC and FCC lattice is 
BCC h+k+I should be even 

FCC h, k, | all either even or odd. 

Therefore, A is FCC and B is BCC 


12. Correct answer is (c) 
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Solid State Chemistry 


Z=8x—+1x1=2 
Consider one particle at origin and second one at body center; (0, 0, 0) and (1/2, 1/2, 1/2) 


13. Correct answer is (c) 
a 4 


EE EE, EE A 
vh? +l? +k? v1? +0? +0? 
14. Correct answer is (c) 
From Bragg's equation, 2d sin 0 =n X 
2d sin 0 =X {for first order reflection n = 1} 
A 
2sin 0 
Then for spacing 2d , we have 


. A A sin 0 
2(2d) sin 0 =A > sin = 7 = Loge e" 2 
A ma (877) 

= sin 2 


15. Correct answer is (c). 
In case of Frenkel defect, ions are not missing from the lattice. They just displace into interstitial 
sites. Also, no extra ion come from outside into the lattice. Therefore, density remains same. 


16. Correct answer is (d) 
M=8 x2 1x1-2 
X-6 xi-3 

2 


Therefore, formula = M2X3 


17. Correct answer is (a) 


2d sin 0 =n X 
a ` . 
Jee sin 0 =X {for first order reflection n = 1} 
J/n2412 2 4/12 2 2 
sing = EE a 229Àvi us = += sin30°, 0 = 30° 
2a 2x3.28A 2 


18. Correct answer is (a) 
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Solid State Chemistry 


Since, K^ and CT are isoelectric, some of the peaks are missing entirely. The scattering intensities for 
X-rays are directly related to the number of electrons in the atom. Light atoms scatter X-rays weakly, 
while heavy atoms scatter X-rays more effectively. 


19. Correct answer is (a) 
ZM 4M 


Proc 7 NV NV 


p oS EM AN. 2M 
BCC ^ e Se 
NN, ? NV, ge NV. 


(i ) P FCC .. NV icc = BCC 
( " ) P BCC E Vice 
NV icc 


20. Correct answer is (b) 
We know that, for FCC atomic radius is given by 


21. Correct answer is (b) 
When Si is doped with group V elements like P, then at each P centre there is extra electron which 
constitute a donor band that lies close to empty corduction band. 


VB= Valence band, | | CB 
DB = Donor band, | | DB 


CB = Conduction band [ VB 


22. Correct answer is (a) 
a 


am = = 
WC VRE + +k? 


4.242 
dun ^ -—————-—3À 
110 V1412-+02 


23. Correct answer is (a) 
A = corners + face centers = 8 EE 1+3=4 


And B = 4 (Full contribution in tetrahedral void ) 
24. Correct answer is (d) 
X-ray diffraction give any structural information only for crystalline solids 


25. Correct answer is (b) 
d=160pm 
d a 


_ mi 
2 2⁄2 1 
>a=dv2 
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Solid State Chemistry 


Ven eor = 2V2d? 

= 2x144 x(160x10- 1? cm)? 
= 11583488 x10?cm? 

1.158 x10 7? cm? 


1.158x10- 7? cm? contains 4 atoms 


4 
1cm? contains SET atoms = 3.45x107? atoms 


26. Correct answer is (c) 


a 
2X ——————— sinh —n4A 
Vh? Kk 


a o 
2x — sin 30° = 2x1À 
v3 


27. Correct answer is (d) 
hih + kik + aU 


cos 8 = ——— a 
Jh +k? +h +k 4- 
2x0+0x0+1x1 1 

cos = = 0 =643 


JASUCOEINUTXUXI AE 


28. Correct answer is (c) 
na 

sind = — yh? + k? +l? 
2a 
na 

sind, = — v1+0+4+1 


2a 
na 
sin0; = zg Vititi 


sind; _ v2 1414 — u 
sin; V3 1.732 _ DIO OB 


29. Correct option is (a) 
Angle between (1 0 0) and (0. 1 0) 


0+0+0 


= — ont 

cos ü = 4479-790 

And angle between (100) and (011) 
` 0+0+0 gm 

cos 0 = 4479-790 


30. Correct option is (b) 


a a 
da = SS OF = VF + P+ ke? 
WC JAEGER d 


31. Correct option is (b) 


From figure it is clear that each void is surrounded by three circles. 


32. Correct option is (a) 
Sin^8 at 2x, 4x, 6x, 8x 
=> B.C.C 
2? 7 1.54 


— E E, 
4a? 242  2xX0.06 


C= 


33. Correct option is (b) 


2 ———- sind —nA 
Vh? +l? +k? 
40 1 
2x E x5 = 1x4 
A = 18 nm 


34. Correct option is (c) 
Zm 


a= (ZF = Pee ey EEN 


10gcm-3 


a o 
and, r-24-15À 


35. Correct option is (d) 


Packing fraction =< Zr CT = == x2x3.14x (B LO [r 


a 


36. Correct option is (a) 
| diz3 _ 3.12 


— = EE 
do46 = Ea = CR = 1.56nm " d369 3 3 1.04nm 
37. Correct option is (a) 
In FCC fraction of volume occupy=74%=0.74 


ag = — _ 4.43996 = 0.7399 = 0.74. 


38. Correct option is (a) 
2d sin 0 =n X 


Ee sin 90° = 1x0.154 {for first order reflection n = 1} 


a 
DN ex — 0.154 nm 


2 x = 0.154nm 2 a = 0.154nm 


Solid State Chemistry 


Solid State Chemistry 


4xM 
E T, RE RN 
gm 6.023x1023x0.154x0.154x10 27m? 


|| Zm 
p= N,a? 
M= 22 


39. Correct option is (b) 
(111) = all odd 
(222)= all even 
40. Correct option is (a) 


2 2472 2 A 
sin^0 = (h* t l^ + k^)x where x = 7—7- 
BE 
"e (1) 
for (200), sin?@ = 0.18 = 4x = 0.18 

x= 0.045 

from equation (1) 
| 1à A 
"2/0045 04 


41. Correct option is (b) 
From braggs equation , 2d sin 0 =n X 


sing = Zi. 
2d 
On squaring both sides , we get 
e 2g n? A? e 
sin"g = — ees (1) 


h? |. k^ .. 1* 
a? 5p? c 
for tetragonal crystal sydrem , a = b # c 
1 h?«k? | |]? c? (h? -k? )+17 a2 
NN 


1 
inter planar distance — = 
d? 


d? a? c? a?c? 


Em ` : dn. 2(42 2 272 
Put — in equation (i), we get sin 0 = zzz [a^ (h^ + k^) + c*(*] 
42. Correct option is (a) 


In face central cubic crystal system we observed nearest neighour distance- d 


a 
FC i lattice 
2d= aV2 
oi a 
d = = 


2 dë 
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Solid State Chemistry 


43. Correct option is (b) 

The plane is parallel to c-axis, therefore, OC = oo(intercept on z-axis) 
The intercept on X-axis, OA-4a 

The intercept on Y-axis, OB-2b. 


X Y Z 
Intercept 4a 2b 00 
1 1 1 
Reci l = E a 
eciproca a Ss - 0 
1 1 
Multiply by a,b,c = E 0 
Ply by 4 2 
Multiply by L.C.M 1 2 0 


Therefore, the miller indices of plane are (1 2 0) 
44. Correct option is (b) 

Wavelength of X-rays, A=173 pm, plane (111) 
Simple cubic, 0— 30°, ordern = 1 


From Bragg's law, 


2d sinf = nd vest) 
= a is 
and d- FAE (ii) 


Combining equations (1) and (ii), we get 
?+12+4+12= SE = 299.645 ~ 300pm 


2 


1x173 
E vk EE 
2d sin8 2x sin30° 


45. Correct option is (c) 

Iron - BCC 

(h--k--I) =even for the planes in XRD data = 1* plane > (110), 4" plane > (220) 
2" plane > (200) , 5" plane > (310), 3™ plane > (211), 6" plane = (222) 


46. Correct option is (c) 
CCP = FCC 
(i) (1 0 0) plane 
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Solid State Chemistry 


AWTS? AS) 
E EX | 
E | 

ay E (1 0 0) plane 


(1 0 0) plane 


Number of atoms on the plane = 4x1/4 + 1x1=2 


(For plane atoms are treated as disc) 


Area of plane- a° . Therefore, the number of atom per unit area = 2/a? 
(ii) (1 1 0) plane: 


Number of atoms-4 x 1/4 + 2x1/27 2 atoms 


Area of plane (V2a)x(a)-V2a? 


s 2 
Therefore, number of atoms per unit area= —— = — = 
H D 42a? a? a? 


(ui) — (111) plane: 
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Solid State Chemistry 


Number of atoms 3x1/6 + 3x1/2- 2 atoms 
2 

Area of the plane= x x(v2a) = E x(2a)? = Z xa? 

; 2 4 
Number of atoms per unit area= u ua 

2 

Number of atoms per unit area 
(100)> E 


1.414 
a? 


v2 

(10> => = 
4 

0107 So 


(111) > (100)> (110) 


47. Correct option (d) 


Using density formula, p = X 
A' H . 


Putting, z = 16 
M = 244 g mol! 
a = 620pm = 620x107 !?cm 
b = 480pm = 480x107 !?cm 
c= 1100pm = 1100x1071°cm 


16x244 


P = 6023x1023 x 620x10-19 x 480x10-1? x 1100x 10-19 


We get, Density (p) ~ 20.46 g/cm? 


48. Correct option (d) 

Since the image shown is a-c plane and it does not have b axis, thus intercepts along b axis will be 
considered oo 

We will use general notation to represent intercepts along a, b and c axes as (a,b,c) 

The intercepts made by line (i) are (2, oo, 2) 


CA: 


(ii) 


Thus miller indices corresponding to it will be, 
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Solid State Chemistry 


E 1 2) 

zl 27 eg 

2 œ 2 

> (1,0,1) 

The intercepts made by line (ii) are (4, oo, 2) 


4 units 
LI 


(i) 


a 
2 units 


(ii) 


Thus miller indices corresponding to it will be, 


E 1 5) 
Se e A 
4 œ 2 


> (1,0,2) 
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UANTA 2 


Chemical Kinetics 


Hints & Solutions 


1. CORRECT ANSWER -(A) 
If the rate constants K1 and K2 at temp. T1 and T2 respectively and q is the temp. coefficient , then these are 
related by the expression k2 =K1 (o) "` where, A T = T2-TI. 
Here , K1 = 2.66* 10°8S"! and K2- 2.2*10''S 
T1= 120K and T2= 360K. 
So, 2.2 * 10°'/2.66*10°=(@) or 9 = 1.2 
Now, at temp. 240K , rate constant (K3)= 2.66* 10?*(1.2)? = 2.4*10?S" 
2. CORRECT ANSWER -(A) 
RDS step - A,+C > P(K3) 
Rate of the reaction -K3[A, ][C] ..... (1) 
As A, and C are not apperaring in the reaction, so they are acting as intermediates. As equilibrium is fast so 
concentration of [A,] and [C] can be determined by using equilibrium constants. 
K1=[A,]/[AP or, [A,]-K1[AT -..... (2) 
K2 =[C]/[A][B] 
= [C]- K2[A][B] .... (3) 
From equation (1),(2) and (3), we get dp/dT = K3*Kk1*k2*[A [B]. 


3. 
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Chemical Kinetics 


CONC. TIME 
0.1(M) t1-1 hr 
08(M) t2=2hr 
0.067(M) 3=3hr 


1 1 1 


Above data satisfies second order equation. k = — [ 
At*[A]t2  [A]ti 


Sen | =2.5M"hr! 
2—1 10.08 0.1 


: es _ EM u EZ = -l4 -1 
From data (i) and (iii) , k = SCH ee OL 2.5M hr. 


As the value of k is constant so the order of the reaction =2. 


From data (i) and (ii) ,k = —-|— 


4. Correct answer is (a). 
Heavier isotope contains heavier bonding. Heavier the bonding reaction rate slow. But in lighter 
isotope bonding is weak, so reaction rate is faster. 


5. Correct answer is (c). 
When equilibrium reactions are disturbed from their equilibrium condition via either T-Jump or pH 
Jump then measurement of relaxation time leads to the study of reaction rate. 


6. CORRECT ANSWER-(A). 
A> P is ZERO order reaction. 
[A]=[A Jo- kt 
So , kt= [A]o-[A]: 

Alo 
>  Kty[A]o- P 


> tiz = [A]o2K. 


7. Correct option (d) 


k 
Acetaldehyde (CHCHO) > product , rate = k[CH,CHO]? 


In terms of partial pressure , rate = kPén, CHO 
à 


= - kt 


0 
PCH3CHO PCH3acHo 


Integral rate law expression is 


1 


Or, ti2= 
kXPÉn. cuo 
Since given t = 400sec and Pe, cuo = 250 
1 
400sec = ———— > k = 10^?5torr s^! 
kx250Torr 


PCH, cHo = 200 
1 


SE kxPÜg.cuo ` 10-9x200 500 sec 
8. Correct option (c) 
A " 
From enzyme kinetics R = “tSo 
KM *[S]o 
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Chemical Kinetics 


1 Km Y 1 1 
R (m ) So v K2[E]o 


d d 
Slope Intercept 
. f RE HE _ 1 8 d E 
Catalytic efficiency im En, Eh TUI me 10 


9. Correct option (d) 


Optional density (O.D)= Absorbance = log() =Ecl ...... (1) 

Solution A : T-0.5 ; O.D = log|—] = log2 = 0.301 

From equation 1 , €x0.1x1 = 0.301 2 € = 3.01 mol ! dm? cm! 

Solution B : Optional density (O.D)- Absorbance = log(7) — € cl = 3.01 x0.5x0.1 = 0.1505 
Solution C : Optional density (O.D)- Absorbance = log(7) = log— =1 

Therefore , optical density order c> a > b 


10. CORRECT ANSWER- (D) 

We know that Arrhenious Equation- k=Ae™"T (1) 

Given: k=5.4 *10''e°°...(2) 

Comaparing eqn. 1 and 2, 

Ea/RT = 50 

c Ea=50 RT =50*8.314 JK" mol(300K) = 124710 J mol’! 


11. CORRECT ANSWER - ( C) 

K overaf- Ko(Ki/ ka)? 

Taking log on both sides 

log K overall= log kot log(ki/k4)'? 

> log K overall= log kot ^ logk; - 5 log ky 
(Ea)overall= E,(2)+ Lé E,(1)- Lé E,(4) 


12. CORRECT ANSWER- ( C) 


. Vmax[s] u 
irm [where , Vmax = k3 [Eo]] 
. ka[Elo[S] _ _ kB 
sen ELIS] Sin 
v 
> E]o sil Sr kmy=ks 
v[s] vkm 
> Elo[s] [Eos] - 
vkm v 
e Ebi T Eo 
ERI E QE 
> [E]o[S] km  [Elokm 
v ud 12 E 104v 
3 zoi] 1.4* 10 [Eo 
k3 
a £2—14*107 
1/km = 10* 
km = 1074 
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Chemical Kinetics 


2 nS.-—14»*108 
10000 


k3 = 1.4 108 


> 


13. Correct option (a) 
Equilibrium is maintained between reactants and the activated complex 
A+BSX* >P 


14. Correct option (d) 
15. Correct option (d) 

ry = 15.3dpm ;r = 14.2dpm 
Rate at any time « Number of atoms 


ry Ny 15.3 
"m 
. x N 2.303x5730 15.3 
-—— log 2 —— 7 —7- log — = 617 years 
0.693 N 0.693 14.2 


16. Correct option (a) 


"Phosphorescence" is in a transfer from triplet state to singlet which can be represented as 
T, > So + hv 


T, 


Phosphorescence 


(hv) 


S 


17. Correct option (d) 

A- 2—logi1oT 906 

A-2-—lo g195096 

A=€cl > 0.301 = €x10 *x0.5 2e- 6020M !cm^! 


18. CORRECT OPTION-(B) 

Quarter life is the time in which the concenration decreases to 1/4" of its initial value. Rate law expression for 
the first order reaction is — 

Kt- In (a/a-x) ...(1) 

Therefore, x=3a/4 ;t-ti4 


So,ktya = In} m 


=In f) = [n4 
4 


1 In4 
> tr 


19. Correct answer-(C) 
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Chemical Kinetics 


Smaller the volume greater will be the chances of collision probability and so the activation energy of the 
reaction will decrease. 


20. Correct option (b) 


At low pressure Langmuir-Hinshelwood mechanism follows first order kinetics 
2.303 Po 2.303 107? . —1 
— — = 0.4606 min 
10 10 


21. CORRECT ANSWER-(b) 

For atom recombination reaction, there is a relatively small amount of rearrangement of energy among the 
various defracts in the activated complex. Consequently, AS* is expectedto have a small negative value. 
Such process occurs with zero activation energy and negative enthalpy change e.g. dimerization of nitric 
oxide. 


22. CORRECT OPTION-(B) 
Kt- In(co/ci) 


> K= E (=) 
75 21500 


K = 6.3049 « 10? 


t (=) = "=" = 0.693/(6.3049 » 1079) 
t (=) = 110min 


Reaction concentration 


e» 
e» 
e» 


23. CORRECT OPTION-(A) 
When the chain mechanism exceeds the chain termination, it results in uncontrolled step, chain reaction that 
ultimately results in explosion. 

For the nth order,t)2=[Ao] e 

Therefore, for n=2.5, ti? oc [Ag ?? or, Date [A] 

Rate law expression is, r= kiks[A ]/(ko[A ] ks) 

For low pressure, k2[A]>>k3 

So, r-kiks[A]/k? "PITE f ` ` 
AtA SA FA and A* SP 

R= k[A‘] Fake sr j 

_ k1k3[A]? 


So, r 
d k2[A]+k3 


24. Given reaction AP ; [A]=1.0, 0.5, 0.33, 0.25 mol dm-3 at t= 0, 1, 2 and 3 seconds, 
respectively. 

So, we observe that when concentrations becomes half the half life becomes double. 

tip-l/ak =>k= 1/aty)2 

so, order=2. 


25. CORRECT ANSWER-(d) 
In the lindermann mechanism, rate equation can be written as: 


d[product] _ kk [AP 
dt k [A] k; 
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Chemical Kinetics 


d[product] _ k2k1[A]? 


At low conc. Of [A], k;[A]««k», so , FE e 


So the order of the reaction is- 2. 


26. CORRECT ANSWER- (a) 
Acc. To Arrhenious equation-: Ink=InA-E,/RT 
So, Ink <1/T; Ink varies linearly decreasing wrt 1/T. 


27. Correct option (c) 

For c, r= k[AB][B;] 

Since, rate is given by slowstep. 

Therefore , this mechanism is consistent with given rate law. 


28. Correct option (a) 

A, T= 0.50, c= 0.1m, b= lcm 

B, A= 0.01761, c = 0.1m, b= 1cm 

For solution a, 

Abe = —logT = —log(0.5) = 0.3010 

Therefore , abs of simultaneous solution of (A) and (B) = 0.3010 + 0.1761= 0.4771 
Therefore , required transmittance = 10~4?€ = 10 04771 = 33.3% 


29. According to transition state theory, for activated complex, one of its vibrational degree of 
freedom is being converted into translational degree of freedom. Therefore, required vibration 
degree of freedom (3N-6)-1 = 3N-7. 


Correct answer is (c) 
30. K =A te Pak! (Arrhenius equation) 
In K = In A - Ea/ RT 


In K - (25) (=)+ma 


y-mxtc 
Clearly Ink decreases linearly as 1/T increases. Correct answer is (a) 


31. CORRECT ANSWER(C) 
From arrhenious equation, we have 


celica rm 


Eq = BIZ) (2 


= n 2) = 2calK !mole ^! * 500K * E 
T2-T1 


510—500 


In3 = 55kcalmole ^! 


32. CORRECT ANSWER- (B) 

[= kP* opa 

From experiment 1, on doubling pressure NO rate becomes 4 times,so, a=2 

From experiment2, on doubling the pressure of Hz rate becomes almost double, so b=1. 
So, r-kPy Pp! 


33. CCORRECT OPTION-(D) 
Steady state approximation for consecutive reaction 
p.P. x 0. 228 
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Chemical Kinetics 


When the first step is slow and the second step is fast. 


34. CORRECT ANSWER(D) 
Lineweaver burk plot: (1/r vs 1/[S]) 
km 
slope — mum ; max Ko[E]o 
And intercept=1/tmax 
TON=k). 
Given: K;- 5000M''s 
> —L.-500M-!s 
Tmax 


1 
(r)max = Sana 


1 
K»[E]o7—o 
1 


TON *1*107?M = — 
5000 
TON = 2 * 105. 


ut gg 


35. Correct option (c) 
Pr 
Tf = — 
kr 
1 
Te = L——————— 
JO kp + hic + kse 
Given , krc + kisc = 1.2x10? sec? and re = 5x10" ?sec 
1 


oe -9 ur 
Therefore , (ii) > 5x10 * sec = KFK2x108 sec 1) 


K 1.2«108 1) = —————— 
f + ( ED 5x10-?sec 


10 
K; = = x107-1x10? sec^* —1.2x10? sec". 


—2x10? sec! —1.2x10? sech = 0.8x10? sec), 
Therefore , (i) > dr = Tricke = (5x10 ?sec)x(0.8x10? sec.) = 0.4 


36. Correct option (b) 
MÉI „ef =n (22) 
m(t) = —kt 


[Alo 
Therefore a straight line with a negative slope passing through origin. 


37. CORRECT OPTION(D) 


1 km 1 : 
9 Ga + SS {Lineweaver burk plot | 


slope =Kw/Vmax=Km/k2[E]o=40 s(given) 
Catalytic efficiency- Kaka 1/40[E]o= 1/(40*2.5*105)- 10^ Lmol' sec” 


38. CORECT OPTION(D) 
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Chemical Kinetics 


2NO (g) +Clo(g) 2 Non -linear TS  2NOCI 


> AoccT? 


39. CORRECT ANSWER (C ) 
Since , log(k/k.)= 2ZAZp4]T 


> 0,3-22*(1/2)*n*N.01 
7  n-30*10 /10" 
> n=3. 


40. Correct option (c) 

A+B S AB, AH 

AB+C 2 D, Eo 

AH is the enthalpy change for the reaction and Eo is the activation energy , for second reaction . So, 
the activation energy of overall reaction is Eo + AH 


41. Limitations of Beer's law are 

Solution must be dilute, radiation must be monochromatic, temperature should not vary largely. 
Analyte molecule should not undergo any kind of association or dissociation. 

Refractive index of medium should not change. 

Correct answer is (a) 


42. CORRECT OPYION (C ) 
K-AT?e C9 RD 

Ink =InA 421nT-Ej/RT 

A ink 29424 C0 

dT T RT 

(E)0 

RT? 


but, “Ink = 
dT 

2, @)0_ Ea 

T RT? RT? D 
= RT2 L 4 890 

Ea = RT? {2 + 2] 

Ea- 2RT + (E), 

CORECT OPTION-(A) 

Rate of formation of Z=(3/2) rate of formation of A 


-(3/2)*2*10* 23*10* 


5002001049 


44. CORRECT OPTION( C) 

CHa(g) + 2H20(g) = CO2(g) + 4H»(g) (K1) 
CO(g) + H20(g) = CO2(g) + Hai (K2) 
Equation subtracting (1) from (2), we get 


CHa(g) + H2O0(g) = CO(g) + 3H2(g) 
And the equilibrium const = (K1/K2) 


45. CORRECT OPTION-(B) 
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Chemical Kinetics 


log(k/k;)- 2ZAZnNI 


Given: 2AZAZ p] —4 *0.51*\I 
ZAZp--2. 


46. Correct answer is (d) 
-logT; = € cx, 
-log T2 = € cx; 
Substitution (2) from (1) 

e E agua (=) 3 [log1 — log2] = 3x(—0.3010) 

= — => = = < ——J- — = 5X(—U. 
log, x 2 2 1^8 \100 i 
» 1 1 
Tyco eoe 103X03010 ^ 100.9030 
1 


— — Z = 0.125x100 = 12.5% 


7.99 


47. Correct answer is (d) 

Increase of intensity of light used in fluorescence as the fluorescence lifetime increases .Molar 
absorptivity increase absorbance which further enchances absorbance with further enchances 
fluorescence CORRECT OPTION-(b) 

d[B]/dt= Rate of formation of A- Rate of formation of B 

= 2ki[A]-2k [B] ^-k;[B]. 


48. Correct answer is (d) 


3 
A-A= NAkpgT q* — NakgT (ad ded» een 
JMA E We. tardans h (aoa. e 
QA-BQCDE (adaras Jinear (4€ ara? linear 
7 
Naks? — dv ` 
3 
h qt Qr(linear) 
7 
NakpT [T° T E 
NakeT [T^] 4 x = > A «xT? 
h 73/27 


3 TZT 
Ax T™?2,A x T71 


49. Correct answer is (d) 

Rate of reaction , r = k; [C3H5]? 

SSA on C,H;,Rate of formation of C, H5, = rate of deformation of C,Hs, 
2kıla = 2k-1 [C;Hs]? + 2k; [C; Hs]? 

kıla = (k-41 + k;)[C; Hs]? 

[C; Hs]* = ia 


kat kg 

Therefore , from equation (1), 
Kaka 

LIS rol, 


50. Correct option (d) 


d[B] 


EE Rate of formation of B — Rate of deformation of b 
2k, [A] - 2k. [B]? — ko[B] 
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Chemical Kinetics 


51. CORRECT OPTION-(D) 

qv= 1/(1- "EIN for loose vibration 
si ORE 

qe 1-142 hv 


52. CORRECT OPTION-(B) 


B = 2%10-%«1 
[S]-km 


1076 


a —— = 10° s71 
1*107°+ 10 


r= (r) max 


53. CORECT OPTION-(B) 

A+A A +A, LP 
ka 

So, r= kakp] A | /(K al A |* ko ) 

R=kops[A] 

With kops=kakt/k’, at high P 
=k,[A] at low P 

So, Kobs= ka [A] 

2= kaX1 > ką = 2 atm™ts™t 


54. Correct answer is (c) 
$ " : 1 . " S 
C; vs t straight line is observed for 0 , order and -Ust straight line is observed for second order 
t 


55. CORRECT OPTION-(A) 
EL. (=y 
R2 \c2 
R1y\ ` i C1 
log (ea) = "leo (ca) 
_ logR1 — logR2 
un logC1 — logC2 


56. CORRECT OPTION(C) 
The rate law has only NO?F ; so the reactant for the rds step will be NO?F. 
NOF > NO: + F 


57. CORRECT OPTION -(B) 

Entropy of activation for bimolecular reaction is negative. Therefore,(d) is incorrect. 
Here, positive salt effect. Therefore, (c ) is incorrect. 

Increase of dielectric constant increases rate constant. 


58. CORRECT OPTIION (C ) 
If experimental rate s greater than maximum rate using collision theory then impact parameter must 
be greater than sum of radii of reactants. 


59. CORRECT OPTION ( A) 
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Chemical Kinetics 


For a 3" order reaction, 


"E. ( 1 1 
|» 2\(a—x)2 a? 
For half life time,tt1/2 ,a-x=a/2 
1(4 3 3 
So, kti27 {= — =} =— 


a2 2a2 


60. Correct option (d) 


k Eq |T2 -T 
nC) = ele 
ky R (EK 


io (fe) |... 498x1000/mole ^! (600-300) 10 
k300/—Ss« 4 J mole-1K~1 300Kx600K 

600 = 10 

Kk 300 


61. Correct option (c) 
# # 
kgr. ZOR. -as 
= E RT eR 


# - # 
Ep e 
T h 
inf) - m [Ge |- SC 
NT) kk | R WA 
y =ctmx 


62. Correct option (d) 
Rate of production of D 


r-k,[A][C] ....... 1 

SSAonC 

2K,[A][B] = 2K_,C? + K5[A][C] = [C][2K_,[C] + kz[A]] 
(ee eee 2 


^. [2K-1[C]+k2[4]] 
Therefore , k; [A] « K_,[C] 
1 


k4 Mz do. d 
D> [c]=(=) Pep 
1 
ki M2 ME 
(0o r — k (2) Pep 
on doubling the concentration of A,rate of formation of D will change 2V2 times. 


63. Correct option (a) 
2 
Pre exponential factor in collision theorey , A « 7 
Az EI (B)" 
Ay O47 \H2 


a oE 
STE. 


here ou = o = 0.4 


a) = 2=() 


At H2 
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5x20 
E NN 
10x10 
H2 = 20 = 
Aj 4 
A2 5 


64. Correct option (d) 
[X] + [Y" HH] S [XYH*] > Product 
k _ ET? 
ko Yxvg* 
k 
log -— -BVI[G-D? + C2) + 1)? — (0?] 
0 


= —BVI[1 - 441] 
= —6BYI ........... 1 


here ,l, = 16 and I, = 4 


=log C). = -6B[V/T; — 1, 
k 
log [i = —6B|[v4 - V16] = 128 


2 


65. CORRECT OPTION (A) 
K= Ae PART 

At very high temp. T> oc. 
K= Ae Fee = Ae? =A 


66. CORRECT OPTION-(C ) 
With the increase in time the slope will decrease. 


67. CORRECT OPTION-(C) 

Rate of removal ofHI=ki[H] [HI], ...(1) 
Applying ssa on H',we get Leck: ER ][HI] 
Therefore, eqn.(1) => r=, 


68. CORRECT OPTION-(A) 
Ymax 7k [E]o= 3.42*10* 1*10? = 3.42 *10? moldm? sec” 
and TON=k)=3.42* o s! 


69. CORRECT OPTION-(A) 
k1 ZEL 


— = eR OI 

E : (1) 

k2 NC 

— =e RT ...... 2 

P (2) 

2 k2 A1 EIE 

— — k* — — Q0 RT 

1 42 kil 

k2 A1 A1. k1 
—*—>1=>—>— 
k1 A2 A2~ k2 
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70. CORRECT OPTION-(D) 

Rate of formation of I-Rate of deformation of I 
ki[A]-o[T] 

[I]=(k1/k2) [A] 


71. CORRECT OPTION-(D) 
Slope= Km/fmax= 300 — ....(1) 
Intercept=1/tmax=2*10° — ...(2) 
(1)/(2)=> km= 1.5*10? 


72. From entry (1) and (2) ,order wrt B=1 
From (3) and (4) , we get order wrt A=2 
CORRECT OPTION (c) 


73. CORRECT ANSWER-(a) 
251 = raich 


LP e, pes (estate 


"I ee k1 
Equilibrium approximation, RED ^ [allel KCD 


d[D] | k2(k1)2 [^ 1 el - k2(k1)2 7 


dto k(-1)2 k(-1)2 


74. CORECT OPTION-(A) 
Eo= 10° M; k.1/k2=1000; k1=? 
Slope= 10° s; intercept= 10°M''s 
Michaelis menten equation is 
H k2[E (0)][S] h Bee k(-1)-k(2) 
mis, oo Dep 
1 km 4 [S] km 


r KZ[E(]Is]  k2[E(0]IS] ^ k2[E 0)] 


m ^ 419-2 
slope EOI 10^ ....(1) 
1 
Int t-—————3- 100 
ntercep K2 [E C05] 


From eqn. (1) and(2) 
km * 10? = 10? or, km = 107+ 


k(-1) + k2 
os = 10^ 


kl 
(1000k2 + k2) 5. i a 
kl = 75/2 * 10-6 — 
45g 1001 dae 
* = 
kl 


z ask(-1)- 1000k2 
k1 = 108 « 1001 => k1 = 1.001 a 101! 


r= 104% 1001 
107 


75. AE=Ep-Eg= 9.212RT 


1 


Chemical Kinetics 
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CORRECT OPTION-(B) 

Aq72A4, Ap=A,keg=? 

Since,k= Ae" 

Ke = Ag e EPRT 

Ink(f) = nA() - 5D a) 
Ink(b) = In A(b) — sto (2) 
Subtracting equation Q) and (1) 


Ink(f) — Ink(b) = In A(f) - In A(b) — ate E(b) 


BEA i (5) ZA 
k(b) A(b) RT 


9.212 
Ink(eq) = log2 + —— = log2 + 4 = 0.301 + 4 = 4.301 


2.303 
k(eg) = 104301 = 2 + 104 


76. second-order reaction, 


kass e —= kat +— 


Ct Co Ct 
correct option (b) 


77. Correct answer is (a) 
1 S 
Tio € zz L Given tiz « 


n-1= 2, n=3 


1 
ia 


78. Correct answer is (a) 
k,-3s" 


B+C 


- > x100 = = 62.5% 


79. Correct answer is (b) 

Fluorescence intensity on rate = 0.2 [M*] 
Applying S.S. A on M* 

Tabs = ko[Q][M*]  0.2[M*] 


*] Iabs 

[M*] = ko [Q]+0.2 

_ _ 0.2 laps 

T kg [Q]+0.2 
1 k 1 
7-2 [0] + 
Ip ^ (2L. labs 
y= mx*c 
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: 4>1 l 0.25 
= > = -= U. 
labs abs 4 
80. k=0.2 Lmol'!s". It is a second order kinetics ti. = — = — = 100 sec 


Correct option is (b) 


81. Correct option is (*) 
Integrated rate equation, 


EIN — x) = agkt 


Plot of vs time gives a slope of aok. 


2(ag—x) 


82. Correct option is (a) 

k, [NO]? 1 d [NO;] | k,k,[NO|? 
k,[O;]T k ,' 2 dt — k,[0;]- k4 
[05] is in large excess 

NO;] ` 2kik2[NO]?[02 


d 
k- [02] » ka; LET = Tatko o 2k, [N0]? 


[N50;] = 


83. Correct option is (c) 


23 —34 8 
Energy of one Einstein — ee Zeg E 2*109] 
Energy of light absorbed by A = 100x6626x I — 3313005/ 
Number of Einstein absorbed — Ee = 1.65 
Moles of B produced are 0.2 so the moles of A decomposed is 0.1 ; @ = = = 6x107? 
84. Correct option is (c) 
For second order kinetics ,k — E |= — 
t lC; Co 
=i |= - d = 0.25mol"! it min" *; k = t Fea -| = 0.246mol !lit min ! 
1los 1 21067 1 
K=+ ls — =] = 0.25mol"!lit min; k = 1 Ic — d = 0.25 mol !lit min! 
4lo50 1 6 lo40 1 


Data satisfies the second order kinetics 


85. Correct option is (b) 
from Arrhenius equation 
k2 _ Ea E SS >] 


kı Rin T 
EA [1 1 

In2- EE 

8.314 1200 300 
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0.69 X8.314 X200x300 
100 


E, = =3441.99 J/mole=3.4 kJ/mole 


86. Correct option (a) 

This is from Arrhenius concept and according to it, 
K-Ae "nr 

Taking log both sides, we get, 


= — —— 
logK = toga ~ 7 303RT 
given equation is, 
10000K 
logK = 14.1 — SC 


Comparing above equations, we get 
Ea 10000K 
2.303RT T 

E, = 10000x2.303x8.314 J/mol 


=> E,-191.4 KJ/mol 


87. Correct option (b) 
When 10% gas is reacted, [Ci] = [C.]—10% of [Co] = 0.90[Co] 
And when 60% gas is reacted, [C2] = [Co] ]-4096 of [Co] = 0.60[Co] 


Since, rate « [C]” 
Thus, 


rate, [G]V- 
> = |== 
rate; IC 
10 Et 
> —=|— 
5 0.6 
> 2 = (1.5)” 
>n 7x 1.71 


88. Correct option (b) 
Dose of compound = 80 mg.kg | 
For 70kg person = 80x70 mg = 5600 mg = 5.6 g 


. E mass 
Since, density — 


Volume 
Thus, volume = ——— 
density 
zs 3.86 = 3.9 mL 
> — = 3. z 3. 
1.45 i 
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89. Correct option (a) 


Since, equilibrium constant K — - 
2 
-4 
Or k, = 2 = 2317 — = 20.68x10 Te 


K 0.16 


Also, relaxation rate constant k = k, + ky = 3.3x10 ^  20.68x10 * 
Thus, k = 23.98x10 * 
time taken for half the equilibrium amount (half lifetime) is given by; 


,. 0698 — 0693 og 290 
2— X T 2398x104 ^49 oS 
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Electrochemistry 


Hints & solutions 


1. Corect option-(c ) 
For an aqueous solution at298K, the Debye huckel limiting law is- 


log y4 = —4| ZZ IN 
where A=0.509, for aqueous solution at 298K 
log y+ = —0.509 | Z;Z-|/u 


2. Correct option-(a) 


r ^ - 
We have k= iz (X cCOZG)?)] 
z 
— NU c(i)Z ()?] =- DES ona [VE eCOZ)?] — T mm 30(nmv(molkg^*)^! 
> k= EE * 30nm^! 
9 
= Ze 10nnt^* 


So debye huckel screening length (x^! )-(2)nm. 


3. Correct answer (a) 

For the oxidation half cell: 

Oxidized state(O)*ne' —reduced state(R) 

From modified Nernst equation (in terms of formal potential E") 


So, E = E(0) — 77 In ET 


> E-—£(0)=in(S 


> E—E(O}= —in(e-2) 
> E-—E(0)- hne 
> E— EO) =+ 


nF 


4. Correct option-(d) 
CH;COOH —-NH,OH-CH;COO(aq)-NH, (aq)-H»O 
W'eak acid weak base ionized salt 


aba pow 


H 


comductarce 


Vol. of weak base 
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When weak base is added to weak acid , then salt is formed which is more dissociated wrt weak acid, so, 
conductance increases upto end point but after the end point only concentration of weak base 
increases which remains almost in almost undissociated form so does not lead to increases in 
conductance. 


5. Correct option (c) 


point. 

d (dE dE 
See 
dV \av dV 


And,as dE/dV can be positive or negative.But, |dE/dV| will be geater than 0. 


6. Correct option-(d) 

Fe*'+e> Fe? QE? = 0.77V; AG, = HEET = —Fx0.77 ....(i) 
Fe?'42e2 Fe ; E2 —044V; AG, = PEN = —2Fx(-0.44) ....(ii) 
Adding the above 2 eqn, we get, 

Fe*"+3e> Fe 

AG3=AG+AG2 

c —3FE$ = —0.77F + 0.88F = 0.11F 


—0.11 


> B= = —0.04V. 


7. Let one faraday of electricity is withdrawn from the cell. 

(i) Electrode reaction at anode Ag(s)+Cl (a1) AgCl(s) +e 

(ii) Electrode reaction at cathode AgCl(s)te > Ag(s)+Cl (az) 

(iii) Migration of K' ions — .K' (ai) >t: K (a2) 

(iv) Migration of Cl ions — t CI (az) t.CI (aij 

The net effect is obtained by adding the above four changes, which gives 


CI (ai) -GK (ai)-t.CI (a2) > Cl (a2) K och: Cito 
Therefore, 


tK (a))-t.CI (a) 2 tKa) t CI(a2) 


8. A(HCOOH) = \ucoo-) + Jun 


1 
= A(ucooNa) + ^(uci) — Kies + Aken — 5 A tesop| 
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1 1 
= 105 + 426 — 5 (260) + 150 — Seu 


= 405 S cm? mol! 


9. Correct option( c) 
If we take a half cell 


H+e=% H2 


RT 1 
E — E(0) — mh (wan) Intercept 


E = E(0) + 5; In M(H +) 


Then, E vs logm graph gives intercept E . 


intercept given by BB'. 


10. Correct option(c) 


Ecerr=E:-Er=(Ect-jagciAg-En+H2\P)L+(En+|H2)Pt-Eci-jagcijAg)R 


Nernst equation for each potential 
1 


P p? 2 
Beet zB. Aeciag-( RT/F)In(aa-)i(RT/F)In GE ]* [-E’cuiagciiag+(RT/F)In(act.)2- (RT/F)In 
1 
Lag 
(aH +)2 


] 


Eens (RT/F)In {(an+)o(act)2/(ans)1 aech) 
= 2(RT/F) In [(a2)/(a-)1] 


11. Corect answer (a) 

Daniel cell consists of two half celss. The half cell on the left contains a zinc metal electrode dipped in 
ZnSO; solution. The half cell on the right consists of copper metal electrode ina solution of CuSO4. 
The half cell joined by a salt bridge. 

Oxidation half cell reaction: Zn (s) > Zn? (aq) 22e. 

Reduction half cell reaction: Cu?'(aq)-2e 2 Cu(s) 

Net cell reaction: Zn(s)Cu^' (aq) Zn**+Cu(s) 


12. Corect option(c ) 
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Electrochemistry 


Due to kohlraush's law at infinite dilution, when dissociation is complete, each ion makes a definite 
contribution towards molar conductance of the electrolyte irrespective of the nature of the ion with 
which it s associated and that the molar conductance at infinite dilution for any electrolyte is given 
by the sum of the contribution of the two 1ons. Only hydrochloric acids in water undergo complete 
dissociation and contribution with equal ion. 


13. Correct answer -(b) 

Fe +e 2Fe^* x2 AN 
sn"25Sn"-22e ... (2) 
Net reaction: 2Fe^42e« Sn? Abel gn 42e 


Since we know that at room temperature , equilibrium constant. 
nE? nE? 


log Ka 0.0591 0.06 

E°=E ight — Eet = 0.75-0.15— 0.60 
ve 2x0.6 ` ae 

DE Sear 0.06 i 

> Keg= 10 H 


14. Correct option (c ) 


= 2 
From Debye-huckel limiting law, charge density (== 
f po : : zy — 40] TI mr 2ne?v 
According to Poission equation of electrostatics e Y= zT | z et xx d 
gu Ore E 
— e(r)kT 
2 
The equation may be written as V?U = k? where, (k? = me =) 
The solution is equal to P = = m x = Le" /r) , the term is total potential in Debye -huckel 
it means electrical potential. 
ze ze zek ze ze 
dis zm -k | ^ €(r)r B e(r) ^ e(r)r B ec) 
So ze ze 


y = E T 
er e(r)(z) 
term]: potential due to the given ion itself 
term2: potential on the ion due to its ionic atmosphere. 


15. Correct option (b) 

A(m) = A9 (m) — be (1) 
If the concentration is 4 times increased. 

A(m) — A(m') = 49 (m) — byc — A? (m) — 2byc 

> A(m)- Atm’) = be 


16. Correct option(c) 
If S and P have e=0, then titrant shows parallel and after end point goes increasingly wrt to substrate. 
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17. Corect option-(b) 


Otne2 R 
Nernst equation, E — E? HS ed 
nF [0] 
FE = — py) FI 
np [0] 
[R] RE 0 
Da" sclë TE] 
aq el E 
S Inc" sch E 
lo] nr po 
> Inn] pr E E] 
c [0] _ okrlE-E°] 


18. Correct option (b) 
In potentiometric titration , end point is observed by observing the jump in potential. 


19. Correct option (b) 
Anode: 40H > 2H20+07+4e- 
Cathode : 2H 42e 2H; 


20. Correct option-(d) 

ZnZn 42e (oxidation) 
Cu?«2e 2Cu (reduction) 
E°=1.07V,E°=0.34V, E=Eright-Eter 
1 .07=Ered.pot.right"Ered po ep 

c  1.07=0.34-Ezn2+\2n 


c ]1.07-0.34— Ezn2+zn 
> ^ Ezoqz-0.73V 


21. Correct option(b) 
Zn + Ae ein -«2Fe? 


Nernst equation: 


pn 0.0591 [zn?*][Fe?* 
ar: log "een? 
o 00591 [0.01][0.001]? 
E? Ecen=Eo- 2 log "Wen ` 
o 1.71= Bai log 1074 


2 
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0.0591 
2 


c 1.71=Eo+0.1182 
> E= 1.5918 
AG= -RTInKeg 
> —nFE, = -2303x8.314x298xlog Keq 


> 1.71= Eo- 


(—4)log 10! 


>  —2x96500x1.5918 = —2.303x8.314x298xlog Keq 
307217.4 

> logKeg = a ace = 53.84 

> Keq = 10° 


22. Correct option (d) 


A Mr Natt A o sex) 
A Nar- Natt Ay eal 2) 
A ROA npe A T- s) 


add (1) and (3) substract (2) 

A Nart Mort get A L — A Na A^ L7 12.7+9.1-10.8 
A ci^ Rp =21.8-10.8 
Zacr: 11.0 mS m mol. 


23. Correct option-(c ) 

According to the kohlrausch law of molar conductance strong electrolyte decreases linearly with square 
root of conc while that of weak electrolyte decreases exponentially . hence, (c ) is a strong 
electrolyte while D is a weak electrolyte. 


24. Correct option(b) 
Debye Huckel screening lengths- 


x= [4 EOZ) 


e(0)e(r)kT 

1 e(0)e(r)kT 
> == | sO yr 

K e? NAQ c(i)Z(i)?) 
cei 

K 


« Je (0) 


= 48129 


25. Correct option(b) 
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(1) cell A and B 
A. Fe(OH) (s) + 2e — Fe (s) + 20H (aq) ; E° = -0.877V 
B. AI? (aq) + 3€ — Al (s) ; E°= 1.66V 


Ẹ°= Exight -Eeft 
= —0.87—(—1.66)=+0.79V 
AG--nFE (E--ve) 
AG--ve (spontaneous) 
Fe reduced. 
(II) A and C 
A. Fe(OH) (s) + 2e — Fe (s) + 20H (aq) ; E° = -0.877V 
C. AgBr (aq) +e — Ag (s) + Br (aq) ; E°=0.071V 
EI- Exight ~Eten 
= 0.071-(-0.087)=0.948V 
AG=-nFE (E=+ve) 
AG=-ve (spontaneous) 
In this cell Fe carried negative reduction potential goes to left hand side of the half cell and in this half 


cell oxidation occur. Fe oxidized. 


26. Corect option (a) 
P Pi Zb (1) 
At eqm. Q=K(equilibrium const) and Ecar-0. 


So, E? = — ^ Ink Q) 
Sn* (aq) + 2e > Sn” (aq), E°=0.15V 
Su" (aq) + 2e > Sn (s), E? = -0.14V 


E’ et =E cathode — E anode = 0.15-(-0.14)=0.29 V. 
Putting value of E^ in eq.(2) 
ElLur E InK 
nF 
> 0.29 = Ink 
nF 

N=2RT/F=25.7x10° V 

0.001 


0.29 = 25.7x — nk 


0.29x — «0.001 = InK 
25.7 
ink = 225 


27. Correct option(b) 

AG=-nFE (AG=-ve spontaneous) 
^G-2746.06x10? J/mole 
AG=2746.06* 10°= -26x96500xE 


2746.06*1000 ` 2746060 


> E= = 
26*96500 2509000 


= 1.09V 
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28. Correct option-(d) 

Zn (s) > Zn? (aq) + 2e 

Cu” (aq) + 2e — Cu (s) 

Cu?'(aq) +Zn (s) > Zn? (aq) + Cu (s) 
AG=AG°+RTInQ 


Eur cen-(RT/nF)log Q ... (1) 
Eq.(1) x-nF 
-nFE.ar7-nFE? ce +RTINQ 


[zn?* |[cu(s)] 


Z 
AG=AGo+tRTlog [cu2*][zn(s)] => Q = [Cu?*] 


AG'-RT In (==) 
Acy2t 

29. Correct option(b) 

Log“ = 2AZ(A)Z(B)vI 


GIVEN ` 2AZ(A)Z(B)NI = —4x0.51VI 
> Z(A)Z(B)--2 


30. Correct option(c) 
AG=-nFE ceil 


Gibbs Helmholtz Equation, 
(AG) 
AG = AH +T (E9) P) ...q1) 
AG — —nFE 
Therefore,we get 


O(AG)\ _ OF 
(2) =-nF(S)P) Qo 
From equatiom(1) and(2), 
-nFE = AH — nFT (=) ...) 
Rearranging we have, 
AH = -nF[E - T (S5)] 
But, AG=AH-TAS. ...(4) 

AH—AG 
> ase (#2) 
From eq.(3) and(4), 
JE 

-TAS = —nFT (=) 
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AS — nF (=) 
udi LE- 


AS 
Temperature dependence—- 


31. Correct option (c) 

When a strong alkali e.g. sodium hydroxide is added to a solution of a strong acid, e.g. HCI, the 
reaction: 

(H4CD)* (M + OH) > M^ «CI HO 

a) During the reaction highly conducting H^ are replaced by M* which has much lower conductance, 
so addition of alkali to acid solution is accompanied by decrease of conductance. 

b) When neutralization is complete then the further addition of alkali results in an increase of 
conductance, since the sodium ion and hydroxyl ions are no longer up in the chemical reaction. 

c) Atthe neutral point the conductance of the system will have a minimum value. 


Conductance — 


S 
I 
a 

a 
=| 

Di 


Vol. of alkali added > 


32. Correct option(d) 
K> Kohlrausch's constant is specified for uni-valent electrolyte (stoichiometry) and strong electrolyte 
(specific identity). 


33. Correct option( c) 


0.1M Na2SO4= 2Na^ + SO,” 
2x0.1 0.1 


1 


I = $ [m(1)z(1)? + m(2)2(2)"] = 2 [0.2 + 0.4] == » 0.6 = 0.3 
MgSO, = Mg” + SO,” 
Let conc. m m m 


Ionic strength=0.3 


[= É ImQ)zQ* + m(2)z2)?] 


1 


> I —2[m*4- m 4] 
c 03 = => m = 7 = 0.075M 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


Electrochemistry 


34. Correct option(d) 


Reactionl: 

%Chte>Cl ;E=1.35V 

Reaction 2: 

AgCISAg"+ CT ; E°= (0.06/n) log ka: 0.06 log 10?— -0.6 
Reaction 3: 


Ag'+Cl=AgCl ;E°=0.6 
On adding reaction (1) and (3) , we get, 
% Cht+ Ag * € > AgCl(s) 

_ n(QEQ)+n@)E) _ 1*1.35+1+0.6 


Es —— EE 


35. Correct option(b) 

5 Hy > H (ag) +e 

AgCI +e > Ag(s) *CT 

Net reaction: 12 H? +AgCl 2H (aq) +Ag(s) +CI (aq) 


AS = nF (=) . As, entropy of reaction decreases because gaseous is being consumed . 
So, AS<0. 


os 0 T e 
(=) < 0 "E cen decreases with increase in temperature. 


36. Corect option(b) 


pend soin idow simdi Se 
en point, 1 SDOWS dv an avz t AE 
E 


AV 


—Ve (end point) ! _Ve (end point) 
Yy-— Vo 


37. Correct option (d) 

NaOH+(HCl+ CH3COOH) 

First NaOH will react with HCl will use NaOH is completely titrated during this process conductance 
will decrease due to loss of OH ions. 

Second after than, as NaOH is completely consume. So. simple addition of mixture of HCl and 
CH3COOH will only increase the conductance b 


L v 


Condnctance 
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38. Correct option (d) 
The standard electrode potential Eo at a fixed temperature and in agiven medium is dependant on the 
electrode reaction ad the electrode composition. 


39. Correct option (a) 
Debye huckel screening length: 


K(B) 


TRE 2 
nes zoom Ort 
1 e(0)e(r)kT 
> == | Ore 

K e2NA(> c(i)Z(i)?) 
1__ [ne 
xd Je ...(1) 
1o. [eo 
= ums 0 
1 


1 š 
TT only if,Ta=2Tp; Ca=2Cp 


Putting this value in eqn. (1) 
as. pee. [o 
K(A) 42C(B) ` C(B) 
1 _ [fe 
ay alee) Fom eqn.(2). 


Eq(1)- Eq(2). 


40. Correct option (a) 


Uy 
i; = 
" uu. 
u, —6x10^* and u_ = 5x107* 
6x10^* 6 


t= 6x10 5x10 1 24 
t =1—-t, =1—0.545 = 0.455 


41. Correct option (b) 
AlCl > AU + 3CI-4 
0.008 0 0 

0 0.008 0.024 
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KCl —^K*- FC 
0.005 0 0 
0 0.005 0.005 


1 
I = 5). (BY 


1 
= 5 (0.008(3)? + 0.024(1)? + 0.005(1)? + 0.005(1)*) 
= 0.053 


42. Correct option (c) 
K gait = Ksolution zd Kywater = (1.5x107? = 1.5x10 5)ohm !dm ! 
Ka = 1.5x0.99x107? 
sq Ksalt 
Solubility (s) en 
| (1.5x0.99x107?)ohm ! dm"! 
— (0.485 + 1)ohm-1dm2mol-1 
| 1485 
~ 1485 
s = 1x10? mol dm? 
s = 1x10 ?x200 gm dm ? 
$22*x10* gm L71 (1dm? = 1L) 


S 


S x107? mol dm ? 


43. Correct option (c) 


Zn + ANH, > Zn(NH4)4^* + 2e7 E? 21.03V. sss ek 
Zn > Zn?* + 2e7 E? = 0.763V users A) 
On reversing 2™ reaction and adding to 17 
Anode: Zn + 4NH4 > Zn(NH3); + 2e7 
Cathode: Zn?* tie" > Zn 


Zn?* + ANH, > Zn(NH3),* 


Equilibrium constant of above cell reaction is formation constant 


E? . po cathode o anode 
cell — “red — “red 


But values in equation are given in oxidation potential 


cathode 


So, E, — —0.763 


anode 
id = —1.03 


E2,, = —0.763 + 1.03 
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Eu = 0.267 


0.0591 0.267X2 
Now, E2,,, = —— logK. > 
» “cell "n g eq 0.0591 


=logKeg > 9.03 = log Keq 


K,,—10999 = > Kyq = 10° 


44. Correct option (d) 

The molar conductance of anionic surfactant of the type Na'R^ (sodium dodecylsulfate in water) in 
water is plotted against the square root of the normality of the solution. The curve obtained, instead 
of being the smoothly decreasing curve characteristic of ionic electrolytes of this type, has a sharp 
break in it, at low concentrations. This sharp break in the curve accompanied by reduction in the 
conductance of the solution, indicating a sharp increase in the mass per unit charge of the material 
in solution, is interpreted as evidence for the formation of micelles at that point from the 
unassociated molecules of surfactant with part of the charge of the micelle neutralized by associated 
counter ions. The concentration at which this phenomenon occurs is called the critical micelle 
concentration (CMC) 


WI 


I 
I 
I 
l 
I 
I Li 
— CMC «— 
The effect of concentration of electrolyte is given by 
logCMC = —alogc; + b 
For homologous ionic surfactant 


logCMC — A — BN 


45. Correct option (d) 


At equilibrium e is zero , because AG is zero at equilibrium . 
AG- —nFE 
If AG- 0, so, E-0. 


46. Correct option(b) 


ine 


c 0.176 = Gx0.255 
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> G=% =0.6901 Q7. 


0.255 


47. Correct option (c ) 

Z+Cu” = Zn 4Cu 

E°=1.1V 

AO —nFE® = —2x96500x1.1 =—212300 Jmol ~ —212 kJ mol! 


48. Correct option (c) 


Fe" + € bei 


0.0591 


log Q 


0.0591 [Fe?* | 
[ret] 


NT. 
Efe3+Fe2+ SE Fe3+Fe2+ - 


0 Em 
E Fe3+Fe2+= E Fe3+Fe2+ - 


a) When 50% of e" is titrated 


Fei ie > Fe” 


X 0 
0.5x 0.5x 
0 0 0.0591 0.5x 
E =E -—lo 
Fe3+|Fe2+ Fe3+|Fe2+ " g TEN 


> E Fe3+HFe2+ = Elter, =0.77 
b) When 80% of Fe" is titrated 


Fei +e > Fe” 


X 0 
0.2x 0.8x 
0 0 0.0591 0.8x 
E =E -— lo 
Fe3+|Fe2+ Fe3+{Fe2+ A g lozx| 


> Elraupoa, =0.77- 0.0591 log 470.77 — 0.0591x 2log2 
> E’ pes pep — 0.734 


49. Correct option(a) 
Pt|H2(g)|HBr(aq)|AgBr(s)|Ag(s) 


E’ = 0.01- 1x10“ (T-298)- 2x 10° (T-298)? 


3E? -4 -6 
(=) P) = -1x10 — 2x2x1076(T — 298) 
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(=) (P) = —107* — 4x10-8(T — 298) 


QE 
AS = nF (=) (P) = 2x96500(—10^^ — 4x1075(298 — 298)} 
= —193000x10^* 
= -193/JK-! En -965]K-! mol! 
QE 
AH = —nFE? + nFT (=) (P) 


= —9650x[0.01 — 107^(298 — 298) — 2x10°(298 — 298)? + 298x(—9.65)] 
= —965 — 2875.7 
= —3840.7/mol 
= —3.840 kJmol ! 
50. Correct option (b) 
Salt bridge allows flow of current between the two half cells without mixing the solutions. It also 
completes the circuit and neutralizes excess charged ions. It consists of an electrolyte get and does 


not affects the rate of reaction. 


51. Correct option (c) 


The given cell 
AgBr (s) ^ Ag*(aq) + Br (aq) 


Can be written as: 


Cathode(Reduction) 


Ag(s + AgBr(s— Ag*(aq) + Bra + 4g(9 


Anode (oxidation) 


Eeu = Eg,-|gBriag — Eagt|ag = 0-07 — 0.080 


Ee ai = —0.73V 
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AG? = —nFE2,, = —1x96500x(—0.73) = 70445 Jmol ! = 70.4 kJmol ! = 70 kJmol ! 


52. correct option (a) 
Ksaturated solution = kno + Kap, 
kas, = 21 — 7 = 14uSm-* = 14x10 55m! 
AB; = A2+ + 2B" 
Aas = Ane) + 2À(5-) 
21:53 = 12.72 + (2x7.64) = 28mS m^mol * = 28x10? S m^mot * 
(ai 7 Ze BS = 


Kes 14x107 


A? uH Kap, > S LX TES anc NNI ——— 
(482  1000xS,s, — ^P LO Ae  105x28x107? 


Sap, = 0.5X10-5 > Sap, = 0.5x1077 molL-? = 5x 157"! = 5x10-* mol m? 


10-3 m3 


53. Correct option (c) 


Sn + Snit = Sn?* + Sn?* 


Reduction (Cathode) 
Oxidation (Anode) 
o RI 
E cell” aF InKeg 


P ó 2.303x8.314x300 
> E —E SE 
Sn^* |Sn?* Sn?* |Sn 2x96485 


logkeq 
=> 0.15 — (—0.15) = 0.02976 logkeq 


=> logkeg = 10.08 > Keg = 1010-08 


54. Correct option (b) 
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8 Ze 
i 6nnr 
—19 
Or, r =“ = o {1PaS = 10 poise = 10°cP} 


6rņnu  6x3.14x1073x8x10718 


=212.3x10!"°m = 212.3 pm 


55. Correct option (b) 
According to Tafel equation 


a5 E 
i = OF n ` 


RT Jo. RT Jo. 
Now, No.6 =z" (25 ) and Nos =— (2) 
uM (=) 
No.6 — Nos = — in lr 
0.6 05 = oF E: 


m ot) = (Rr) ee - mo = (gr) 06-09 = Cur") 


56. Correct option (c) 
AgCl+e— Ag+Cl 


0.0541 
E=£f°- " log[Cl7] 


E = 0.22 — 0.059110g10 ? = 0.338 


57. Correct option (d) 


In alkaline solution, alkali cation can participate in the conductor resulting in the decrease in transport 
number of hydrogen ion from 1. Since, potassium ion has the lowest conductor. Therefore, the error 
is least for IM KCI. 


58. Correct option (a) 


LJP = (t. —t Y (2) 
JP = (ta = iy F n C, 
The solution in which the difference between t.. and t, is maximum has highest LJP. Since anion is 
common in all the solutions. Therefore, the difference is divided by transport number of cation in 
solution, since tj« is maximum. 
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Hence, liquid junction potential is maximum where H' is used. 


59. Correct option (d) 


Larger the value of VI, smaller the value of k^! 
Thacts > cuci ~ Inazso, > Inaci 


60. Correct option (a) 


P HIH ||M'|M 
(latm) (1M) 


At anode ŽH > H* e^ E° =0 
Atcathode Mt+e ->M Baam 
1 
M+ +5H, > M + H* Edu = E*m 
ne ve  23088T [H*] 
cell — Pcell ^ ^ p T 09 RU SC 
F Pa [M*] 
; 2.303RT 
Eceu = Em+m = gp m 


Intercept on y-axis will yield E M*| m ifaplot between Eceu vs. T log m is plotted. 


61. Correct option is (d) 


The solution will contain 0.02 mol kg ` of Na* and CI, and 0.03 mol kg'! of Ca? and 0.06 mol kg of 
NOT 


Ionic strength of the mixture is 
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1 

1 = 5[0.02(1)? + 0.021)? + 0.03(2)? + 0.06(1)*] 
1 

= 5 [0.02 + 0.02 + 0.12 + 0.06] = 0.11 


log y, = —0.509]1x1x2x1|v0.11 = log y, = —v0.11 


62. The Enthalpy change (AH) is given as, 


AH = AG+TAS — —nFE cent nF (=a) xT 


substituting values from the question, we get 
AH = —2x96500x0.675 + 2x96500x—6.5x10 *x300 
AH = —130275 — 37635 


AH = —167910 Jmol~ ~ 168 kjmol-! 


63. correct answer is (b). 


This is a direct equation of Ostwald's dilution law 
1 1 CA 


i Kk» 


64. Correct option (a) 
KNO; 5 K* + NO; 
t-0 O11 0 0 
att 0 0.11 0.11 
similarly, 
Ba(NO3), 5 Ba?* + 2NO; 
t=0 c 0 0 
att 0 C 2c 
Since Ionic Strength = >) ciz? 


Thus total ionic strength = 1 = - (0.11x(+1)? + 0.11x(—1)?) + = (ex(+2)? + 2¢x(—1)*) 


1 
> 5(0.22+ 6c) =1 
=> 6c = 1.78 
1.78 
Sa 0.297 mol.kg ! 
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Since for 1kg we get 0.297 mol 
For 500 g, we get, — = 0.148 mol 
Thus, amount of Ba(NO3)» required to be added = 0.148 x 261.32 = 38.76 € 38.8 g 


65. Correct option (c) 

Buffer solutions containing ammonia and an ammonium salt have been widely used as supporting 
electrolytes in polarographic analysis. 

Gelatin is added to the polarographic measurement to reduce the streaming motion of falling mercury 
drops. 

The term depolarization refers to a process that enables current to pass through the cell. Substances 
taking part in electrochemical reactions are called depolarizers because their presence causes the passage 
of current when the applied potential is sufficiently large. 
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UANTA 4 


Surface Chemistry 


Hints & Solutions 


1. Correct answer: (a) 
For Langmuir adsoption (Monolayer, only) 


Coverage(0)— 


0- 
1+kp 


N e=] (zero order) 
high pressure 


N 0 = kp/(1+kp) 


«~ 9 = kp (first order) 


Low pressure 
pressure 


kp 


At lower pressure , kp << 1 


So, that 9 - Kp > Oap 


At hight pressure, kp >> 1 


0 = 1 (Independent ofp.) 


As Langmuir assumed that binding at a site has no influence on the properties ofneighbouring 


sites; this means that enthalpy of adsorption is independent of coverage. 
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2. Correct answer: (b) 
Kp 


1-Kp 


In Langmuir isotherm, Fractional coverage (@)= 


Case 1: At low pressure, kp << 1 

0 = kp (directly proportional to pressure) 
Case II: At high pressure, kp >> 1 
0=kp/kp =1 (Independent of pressure) 


3. Correct answer is (c). 
If charge on cation is high then its flocculation value will be low for an anionic sol and if charge 
on anionic sol is high then its flocculation value will be low for a cationic Sol. As K2S0; has low 
flocculation value than KBr (due to SO,” has higher are charge than Br’); so sol. A is cationic in 
nature. On sol B, Cat: has low flocculation value than NaCl due to higher the change on calcium 
ion than sodium ion. So sol B is negatively charged. 


4. Correct option (d) 
dissociative adsorption , 


B (KP)? 
1+ (KP)! 


5. Correct answer is (b) 
Dispersion of a solid in a liquid ^ Sol 


Dispersion of a liquid in a gas Aerosol 


Dispersion of a liquid in a liquid > Emulsion. 


6. Correct answer is (a) 
A dilute solution of silver nitrate is add a slight excess of a dilute solution of sodium iodide, a 
negatively charged solution of silver iodide is formed. This is due to the adsorption of iodide ions. 


This is the electrical property of colloid based on t concept of electrical double layer 
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10. 


11. 


12. 
13. 


Surface Chemistry 


AgNO; + Nal Agli + NaNO; 


The ions preferentially adsorbed on the surface of a particle of a colloidal system are called 
potential determining ions. The negatively charged surface of Agl particle attracts the positive ions 
(Na^) and repels the negative ions (NO; "1 The positive Na’ ions tend to form a compact layer in 
the vicinity of the potential determining I -ion layer. This is called stern layer. The ion present in 
the stern layer are called counter ions. 


Correct answer is (b) 

The molar conductance of anionic surfactant of the type Na R' in water is plotted against the 
square root of the normality of the solution. The curve obtained, instead of being the smoothly 
decreasing curve characteristic of ionic electrolytes of this type, has a sharp break in it, at low 
concentrations. This sharp break in the curve accompanied by reduction in the conductance of the 
solution, indicating a sharp increase in the mass per unit charge of the material in solution, is 
interpreted as evidence for the formation of micelles at that point from the unassociated molecules 
of surfactant with part of the charge of the micelle neutralized by associated counter ions. The 
concentration at which this phenomenon occurs is called the critical micelle concentration (CMC) 


The effect of concentration of electrolyte is given by 
[log CMC = -a loge; +b] 
For homologous ionic surfactant 


[log CMC = A-BN] 


Correct answer is (b). 
Langmuir isotherm is given as 


PELA = — = Ss 
(8)- spp 2 0 + OkP = KP > 0 = kP(1-0) S kP = e 


P= 5 (a) = slices = 211 


Correct answer is (a). 
The aggregation of surfactant molecules is defined as micelles. 


Correct answer is (b) 

With reference to bulk colloid are thermdonynamically unstable but kinetically stable because 
inter facial surface tension form thermodynamically unstatle colloid and kinetically stable colloid 
formed on electrical double layer. 


Correct option is (d) 
When we plot 0 vs P Graph it is increasing gradually and multilayered is formed . No monolayer 
is formed 


Correct option is (b) 
Correct answer is (d) 
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Surface Chemistry 


Diffusion coefficient D = ukT/ez 


which measures the mobility of the ion due to its thermal energy. Diffusion is the process which 
involves the migration of a component in solution which involves the migration of a component its 
own concentration. Diffusion coefficient in water of sucrose is smallest because its mobility 1s 
very low. It contains high concentration of ion. So, migration of component in solution very small. 


14. Correct option is (a) 


(8)- -E?- > 8 + 6kP = KP 2 8 - kP(1—6) > kP = | 
1+Kp 1-6 


p=-(—) = ZEN = 005 


k N1-0 30 [11—-0.6 


15. Correct answer is (c) 
The fractional coverage for dissociative adsorption is 


1 
kp)2 
Ge (kp) : 
1+ (kp)? 
1 
If P is small, then 0 = (kp)2 
1 
0 x p2 
16. Correct option (c) 
1 
kp)2 
p (kp) - 
1+ (kp)? 


1 
At low P,1 » (kP)2 
6 x [H,]*/2 


17. Correct option (a) 
The attractive energy due to vander walls interaction is inversely propotional to the sixth power of 


the interatomic distance . i.e Gg = x 
E 
— HM € 


/ 


18. Correct option is (a) 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


Surface Chemistry 


Stability of lyophobic dispersions is determined by inter-particle electric double layer repulsion 
and intra-particle vander waals attraction 


Correct option is (d) 
1 E 1 T 
0 \k/p 
1 
Slope = m 
Greater the slope , lesser will be the 0 


Therefore , for A will be least 


Correct option is (b) 
Total surface area — number of molecules xArea covered by 1 mole (A1) 


-5 
100cm? = 22— x6.023x1023 xA; 
602.3 


100cm? x107! = Ai 
Ai = 100 A? 


Correct option is (c) 
In equation [n] = KM* 


[n] represent intrinsic viscocity 


Correct option is (c) 
Many properties of nano particles are significantly different different than the corresponding bulk 
material because large ratio of surface area to volume of nano particles in compare to bulk . 


Correct option (b) 
When river water containing colloidal clay flows into the sea . the salt water induces flocculation 
and coagulation , and is a major cause of silting in estuaries. 


Correct option is (c) 

Intermediate colours been understood and correlated to the formation of intermediate 
nanostructures before the formation of the final gold nanoparticles. Specifically. TEM images 
have shown that after few seconds of citrate addition, gold nanowires 5 to 8 nm are formed, which 
are responsible for the dark purple colour. Beyond a certain threshold, the nanowires disintegrate 
into nanoparticles, and the solution turns ruby-blue. 


Correct option is (b) 
K=— xis 1 x+ = 0.004 
1-0 P 1—0.1 25 


Correct option is (b) 
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Surface Chemistry 


29. 


30. 


31. 


32. 


The above critical Micelle concentration, the aggregation of molecules takes place to form Micelle 
resulting in the drastic decrease in molar conductivity. The size of aggregation is still in colloidal 
range. 


27. Correct option (a) 
The height of the column at equilibrium is given by 


h-2 p = 1.1 Z = 1.1x103 2 „h = 50x10 ?m,r = 0.2 x10-3m 
pgr cm m 


pghr  11x10?x9.8x5x10 7x0.2x10^? 
2 2 


y = 0.053 Nm^! 


28. Correct option is (b) 
kP 


dabo ur 


At very low pressure, Kp «« 1; 0 — kP (first order) 
At very high pressure kP>>1; 0 =1 (zero order) 


Correct option is (d) 

In chemisorption, the force of attraction between adsorbent and adsorbate are of chemical nature 
and highly specific. Chemisorption forms monolayer and Langmuir adsorption isotherm are 
applicable. 


Correct option is (d) 
(6)= KP. iss d . Kp _ 31 3 — 


1+Kp ’ 1+K.1 


Correct option is: (a) 
Soaps and Detergents are common example of surfactants. 


Soap molecules consists of long chains of alkyl groups which are hydrophobic. When they are 
added to water, they cause water molecule to spread apart and causing their interaction to be 
minimal. Hence the surface where these surfactants are present is not that strong now. Thus, it 
causes a loss of surface tension. 


Correct option (b) 
Since, 1 mol = 22.4 litre (at STP) 


And 1 litre = 10° cm? 
Thus, 1 mol = 224 x 10? cm? 
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33. 


Surface Chemistry 


According to question, we have 22.4 cm? g ! of nitrogen gas, 


22.4 
22.4 x 103 


Number of moles of Nitrogen gas = — 10^ mol g 


Surface Area = Number of moles X Avogadro Number X Area occupied by one nitrogen 


molecule (in cm?) 


= 1073 x6.023x107? x 16.2 x (1078)? cm? o 
=9.8 x 10° 


Correct option (d) 
For complete coverage let *m" mg of gas. 


0 = = 


AOO 


where m/x represents y coordinates, 1/p represents x coordinates and slope is 1/K 


on rearranging, we get 


according to question, 


* p 
0.25 50 
0.2 20 
Or 
m/x 1/p 
m/0.25 1/50 
m/0.2 1/20 
On solving 
m/x p 
4m 0.02 
5m 0.05 
Using formula for slope = 2a ya 
X2—X1 


5m-4m m 


0.05—0.02 0.03 


Putting the values, we get, 
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Surface Chemistry 


34. 


i S 1 m 
Comparing with value of slope, m rm 


Thus, K = = 
m 
Now using equation 
KP x 
1-KP m 


0.03 


and putting x = 0.25, P — 50 bar and K = ms 


we will get m — 0.3 mg 
Thus surface coverage at 50 bar pressure will be 


x 0.25 
— x100 = —— x100 = 83% 
m 0.3 


Correct option (c) 
According to Jurin's law, height of capillary is given by, 
2ycos0 
pgr 
where, y is surface tension, O is contact angle, p is density of liquid, g is acceleration due to 
gravity and r is radius of the tube. 
So we can say, 


h x — 
according to question, 
1 
Ya ze 
DA = 2pg 
thus, 
1 
ha = ri 
Or, hp = 4xh, 


hg = 4X10cm = 40 cm 
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UANTA 3 


Nuclear Chemistry 


Hints & Solutions 


. Correct answer : (d) 


E 


2 Utne Baty, Kr+3)n 
Energy released per atom (E) = ( A m) c? 
E = [(235.0435+1.00866)-(141x9164+90.9234+3 x 1.00866)] x 1.67 x 10” (35 105] 
Therefore, E (per atom) = 2.8x10"!! [1 amu-1.67 x 107'Kg,c =3x 108 m/s] 
Energy released from 1 mole disintegration of 7? U =E (Per mole ) 
= E(Peratom )x N, =2.8x10"! x6.023x10? 
~1.68 x108J — 1.68 x 10^ KJ 
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Nuclear Chemistry 


2. Correct answer: (a) 


Saturation factor in neutron activation analysis . 
Activity equation A = Now[1 — eC?tir?] 
[1 = eC^tir?)] — Saturation factor 


. A . : - f 
Saturation factor= pon? where (A= induced radioactivity , i =neutron flux , o = effective nuclear cross 


section , N = no. of target atoms , A = decay constant ) 


3. Correct answer: (d) 
Units IMeV- 10° eV, IMW= 10°W, 1 eV=1.6x10719/ 
One ?^?U = 200MeV energy released 


= 2x10? eV energy released 


n=~="“5N = “xn, = 1000g x6.022x10?? 
NA M M 


N = 2.56x 107?* atoms 
One atom of ?U = 2x10? eV energy released 


2.56x 1074 atoms of ^?U = 2.56x 107*x2x10? eV energy released 


= 5.12x107? 
32 
P (POWER) D = = 5.926x 1077 eV s? 


= 5.926 x1.6x10 1?x10?7/]s ! = 9.481x108W = 9.481x10? x10 5MW = 948.16MW 


4. Correct option (d) 


Penetrating power of y rays is highest, as the particle is neutral and lightest, followed by P rays and then 
& rays. 


ionizing power (I) « mass of the particle 
order of mass of particle a > B >y 


thus ionizing power will follow the order ly > lg > ly 
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Nuclear Chemistry 


5. Correct option (d) 
According to Harpoon Mechanism, we have, 
2 
e 
IER = Ionization Energy 

thus we can say, 

1 
AE x— 

R 


Among the given metals, lowest Ionization Energy is for Rb, thus it should have highest cross section 


(R) 
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UANTA 


Polymer Chemistry 


Hints & Solutions 


1. Correct answers is (c) 


Method Polymer Mass 
(1) Osmometry (number dependent ) M, 
(2) Light scattering (weight dependent ) 


M, 
(3) Sedimentation (viscocity dependent) M, 
2. Correct answers is (b) 

Osmotic pressure , 


Where C1 = concentration fo polymer in Mol L-1 unit and B = constant . When concentration is expressed in 
terms of ‘c’ (gL"') then, C, -Mc 


Tt 
n=MRTe (1+MBet...) => == MRT + BM? Hier. 


T 
" Vs C graph will give intercept (c°) = MRT 


3. Correct answers is (a) 


o , rate of propagation 
Kinetic chain length — rateof initiation 


rate of reaction _ 


d A lüZmoldm ^s" 
Kl 


(2x107s)(10-3moldm?) € 


4. Correct answers is (c) 
We know that, 


JA 3. NM, _10x1000+50x 2000 + 40x 4000 


= = 2700 
YN 10+50+40 


Nig 2 NMi _ NiMi MA NM 
3 NM. NM. - NM, + NM, 


10x(1000)' +50x(2000)° -40x(4000) 85x10 


10x1000 -- 50x 2000 + 40 x 4000 270000 ' 
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Polymer Chemistry 


(1) Osmometry (number dependent) M, 
(2) Light scattering (weight dependent) My 
(3) Sedimentation (viscocity dependent ) M, 


2. Correct answer is (b). 
Osmotic pressure, 7 = CRT (1+ BC; + ...) 


Where C; = concentration of polymer in mol L” unit and B = constant. When concentration is expressed 
in terms of 'c' (gL”') then, C, = Mc 


n = MRTc(1+MBct...) 2 : = MRT+BM’RTct... 


e Vs c graph will give intercept (c= MRT 


3. Correct answer is (a). 


M . rate of propagation 
kinetic chain length = ————————— 
rate of initiation 


_ rateofreaction _ 4x10 ?moldm Ze" 229688 
HU)  Qx1023s-)(0-9moldm-3) - 


4. Correct answer is (c) 


We know that, 


—— Y NM: 10x1000+50x2000+40x4000 
Mn = eS eee = 2700 
YNi 10+50+40 


| UNM? NM + NM +N3M5 
— XN;  NM,- NM; + N3M3 


10x(1000)? + 50x(2000)? + 40x(4000)? 85x107 


J 
3 


10x1000 + 50x2000 + 40x4000 ~ 270000 
p p = Mm. 850 
"" — Mn 729 
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Polymer Chemistry 


5. Correct answer is (b) 


In the addition polymerization, the reaction proceeds via Free-radical chain reaction. 


6. Correct answer is (b) 


7. Correct answer is (a) 


Kinetic chain length describes the number of chain propagation steps in between the chain initiation step 
and the chain termination step. Mathematically it is defined as 


er . rate of propagation 
kinetic chain length = ——————————— 
rate of initiation 


8. Correct answer is (c) 


ipei d 
a-x a 
Sa ee 
DR Cue Bg 
1 k|A]s +1 
= ktt+-—— = [Alo 
[A]o =x [A]o [A]o 
[A]o 

uhri leg 

= _ _ [Alo 

= [Alo kt[A]o 1 

1 u kt[A]o*1-1] | kt[A]o 

[Alo H B mr = [Alo | kt[A]o+1 | [Alo Fest 
the frachon of PA E E 

e fraction of groups condensed = ALT EAL 


9. Correct answer is (b) 


Number average molecular weight is determined by osmometry. 


10. Correct answer is (a) 


Variance = (Difference between molar mass and weight molar mass) Xmolar mass 
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Polymer Chemistry 


= (16-3)x 13 = 3x13-39 


Here molar mass represented x; and weighted molar mass fi . In this question data set and there 


frequency is not given. All the final values are given. So, variance = } J E(x?) — E(x) 


11. Correct option (b) 

A — Monolayer 

B - Multilayer without condensation 

C - Multilayer with capillary condensation 


Therefore, correct answer is (b) 


12. Correct answer is (c) 


The empirical constants ‘K’ and ‘a’ depends on polymer-solvent pair. 


13. Correct option is (d) 


Lyophobic colloids are thermodynamically unstable but they are kinetically stable does or does not 
occur depend on the balance of attractive and repulsive force. For stabilisation to occur, the repulsive 
forces must dominate. 


14. Correct option is (c) 


> p= I-L- 1 — 0.02 = 0.98 


> p= 1-— =1-0.01 = 0.99 
100 


15. Correct option is (c) 
0 


kp 
1+kp 


Kp=6(1+ kp) > 0 = 
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Polymer Chemistry 


16. Correct option is (b) 


17. Correct option is (d) 
Average end-to-end distance- VN = V106 = 10° 


18. Correct option is (d) 

In the FlorySchulz distribution 

Pk = Mo(1-p)' p^ 

Therefore , mole fraction of polymer with a chain length k is 


Px _ Mo(1-p)? nk) 


= — = k-1 - 
Yat X ue B UD 


19. Correct option is (b) 


Weight 
fraction 


Molecular weight 


Correct order is Ma < M, <My <M, 


20. Correct option is (b) 
P.DI- € — ] (for monodisperse) 


My = My 
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Polymer Chemistry 


21. Correct option is (b) 


S 10x20000 + 15x10000 _ Se 
E 10 4 15 B 


22. Correct option (b) 


gr — MMi NM, _ 50x500 + 75x6000 _ -coo 
^n MEN o 50 +75 > 


23. Correct option is (c) 


CRT  5x10?gL !x0.084Latmk "mol" 
M 25kgmol "1 


— 0.005 


24. Correct option (a) 
The polydispersity can be expressed in terms of the normalized standard deviation . 


(M?) 
(My? 


Therefore polydispersity- 


25. Correct option (a) 
Contour = Nx! = 1000x150x10^? nm = 150 nm 


Root mean square length (in nm) = VN xl = ¥1000 x150x 107? nm = 4.74nm 


26. Correct option is (a) 

For a polymer of type A-B-A-B-A-B--A-B. 

Let 'P' be the probability that group B combines with group A. For "k' units in the polymer, there are 
(k-1) linkages between A and B. So, its probability is p“' . 

Probability that group B is not combined with group A be "1-p" 


So, for the molecule to terminate after (k-1) linkages, the probability is p*' (1-p). Similarly, probability 
that the chain has 'k' units is 


NN , where Ny: Number of chains having 'k' units 


and N: Total number of chains. 
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Polymer Chemistry 


kl _ Nx _, pFü-p) _ Nk 
RR lea came = 


ZEN 
N 


Average value of k. (k)= or (k)- Lë kp 


Now, Sank -1-c4pctp^ct-- = 


On differentiating, Xg- kp* ! = (1— p) ? 
Substituting in equation (1), we get 
1-p 1 


= Ga py lep 


27. Correct option is (c) 


For Illrd order reaction —— = L = 2Kt 
[4] [Al 
1 1 
Or wz — pp - Kt 


At time t, [M]=[M]o -x 
=[M]o = [M]o P= (1-P)[M Jo 


1 1 


(1-P)?[M] ` WI 


(where P is the fraction of initial concentration) of monomer undergo in polymerisation) 


——.-1- 2K[M]it = —— = 2K[M]żt +1 


(NY. - 2[M]] kt +1 Jun = 5} 


28. Correct option is (a) 


Root mean square length-N'^? where N is the number of monomer units. 


29. Correct option (a) 
Rate = k;[A]? = 3x10?x50x107? = 150x1075 = 1,5x107? 


Amount of monomer polymerised 


Rate = =1.5x1073 


Time taken 


Amount of monomer polymerized = 1.5x10 ?x10x3600 = 54 
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30. Correct option is (c) 


[n] = KM; 


0.0525 x10°My > M, = 


TT 3 6 -1 
My = 10° = M -10' emol 


31. Correct option (a) 


0.05 
5x1075 


S.No | Weight fraction (w;) Molecular weight (m;) 
1 0.20 10000 
2 0.50 40000 
3 0.30 60000 


Weight average molecular mass = 3. w; mj 


= 0.20x10000 + 0.50x40000 + 0.30x60000 


= 2000 + 20000 + 18000 


= 40000 


Polymer Chemistry 
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UANTA 7 


Thermodynamics 


Hints & Solutions 


1. CORRECT OPTION (c) 
From Claussius inequality , ds ds 2 dq/ T 
or, ds-(dq/T) > 0 .... (1) 
At const. vol, dW =-pdV=0 
So, from the first law ofthermodynamics, 
Dq-du-dw;dq-du. (as, dw = 0) 
At const. entropy, dS=0, 
From eq.(1) , we get 
-(dU)s.v/T »0 
Or, (dU)s,v «0 
Here, equality holds for reversible process, 
So, for spontaneous process, 
(dU)s,v « 0 
Or, AU, , <0. 
2. CORRECT OPTION (c) 


AH 
We have, Ink = const — ES eR (1) 


RT 
l 2*N' 
Given : Ink 23 Be SA 
AH’ X(2*10* «g)- - 18987 
mol 


In eq.(2), multiplying both sides by (-RT), 
-RTlink = - 3RT - 2* 10** R ....... (3) 
AG? — -TAS? + AH? 
From eq. (3) and (4) 
AS? =3R = 24.9 JK mol! 
3. CORRECT OPTION (c) 
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Thermodynamics 


pa u? + RTInP, (Standard state for component 1 is defined at, 
P, = 1bar (standard pressure) 
So, u, = HR + R(298)In1 

> m= H 

c u? is independent pressure but depends on temperature. 


4. CORRECT OPTION (B) 
au 
dU = TdS — PdV => a cns 
av) < 


5. CORRECT OPTION (A) 
CoHa4(g) + 302(g) — 2CO»(g) + 2H20(1) 
Here, Ang = Xn, (product) — Xng(reactant) = 2(-1 + 3) = —2 
AH = AU + AngRT 
OR, AH — AU = AngRT = —2 * 8.314 * 300 = —5000/ = —5kJ 


6. CORRECT OPTION (A) 
Since, we know that for the entropy of mixing is 
AS mix = —n;ota RZxjlnx 
= —noaiRxilnx, + x;lnx; + x4lnx3] 


«Toren ini) in) 


ARC n (.) li (5) opt 
Gi) «amt Bids 


7. CORRECT OPTION(D) 
Liquid = vapour 
dP AH. 


vap 


aT Trap Dë z Vue 
dP AHvyap 


aT Tyap (Vwap) 
P 
AH yap = ar TvapWoap = 8 * 10 ?(bar K~*) * 200(Lmol !) = 640 bar Lmol 


= 640 a 100 mol! = 64kJ mol! (since 1 barL=100J) 


Or, (as Vvap>> Viiq) 
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Thermodynamics 


8. Correct answer is (d). 

H;O(g) + C (graphite) 5 CO(g) + H?O(g) 

As the number of mole of gaseous product is more than reactant (An, = 1) 

So there is overall increase in entropy 

z AS? = +ve 

:: TAS? will increase with increase in temperature (A —TAS?) 

Enthalpy of reaction (AH?) is independent of temperature 

AH? = constant (-B ^ AH?) 

AG = AH? -TAS? = const -TAS? 

So with increases of temperature AG? decreases because AS? =+ve (C— AG ) 
9. CORECT OPTION (C) 


The vapour of a pure substance, when cooled under a pressure less than its triple-piont pressure 
solidifies directly. 


10. CORRECT OPTION (B) 
N V IN V IN V 


T T T 


Canonical ensemble of replies in thermal contact. 


11. CORRECT OPTION (B) 
Q denotes the heat added to the system and “w” is work done by system. 
Then, Q«0, W>0. 
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Thermodynamics 


12. CORRECT OPTION (B) 
Applying Euler theorem Maxwell equation, we get Maxwell relation. 


dG — VdP — SdT; (=) = (=) 
B "UMIZs P/r 
dA = —sdT pav; (2) e (=) 
i "Ade NOT Ty 
dH — TdS +VaP: (2) E (=) 
B "\aP/, \OS/p 
dU = TdS — PdV; EN = (=) 
i "AOV/s SAh 


13. CORRECT OPTION (B) 
Given : for water , AHvap= 41kJ/mol 


Molar entropy of vaporization ,AS= 


For water Ty— 373 K(at 1atm) 


(41 * 10? /mol 1 ) PX 
= 1099]K-mol 


AHy ap 
Tp 


14. CORRECT OPTION (A) 
Given : Qn= 90J ; Tn =300K 
Since we that 
por emet ome 
Qu Ty Qu Ty 
From option (a), we get, 
60 200 2 


907300 ^3^3 


15. CORRECT OPTION (A) 


16. CORECT OPTION(C ) 
— ZRT 


p-7U (1) 

GG, = lr 

A - Gr), * zf me, 
M(H) spr a(t), 


_ RT? (2) 
T ~ yv Nar V 


a 
c 


-|3 a 
— yN Ne 
RS 
N 
SY 
* 
+ 
E 
Ee 
yy 
l 
| 


y An~ | 
SIS 
NX Ss) 
LM 
< 
II 


2 U 4 g 


ZU 
aja 
JE 
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Thermodynamics 


17. CORRECT OPTION (C) 
At the triple point pressure the liquid phase of a pure substance exists. 


18. CORRECT OPTION (C) 
According to the transition theory, for activated complex ,one of its vibrational degree of 
freedom is being converted into translational degree of freedom. 
Therefore, required vibration degree of freedom =(3N-6)-1=3N-7. 


19. CORRECT OPTION (B) 
Degree of freedom F=C-P+2 
Component C-N-E 
Only one phase exist i.e., gaseous phase. 
C=N-E=4-2=2 
Therefore, F=2-1+2=3 


20. CORRECT OPTION (D) 
$q = Ois not true. 
cyclic integral of state function (exact differential ) is zero but q is path function (inexact 
differential). So, cyclic integral of q is not 0. 
fw = 0 is not true, as in the above case above. 
heat cannot be converted completely intowork in cyclic process because it is the violation of 
carnot cycle or carnot engine. Work can be completely converted into heat.(second law of 
thermodyanamics.) 


21. CORRCET OPTION (A) 
Maxwell square: 


S H P 
U H 
V A T 

dU -TdS-PdV 


Differentiate wrt dV at const. S 
(27) s9 CG ^ (S) 
av), MV/g — V/s 


[ 
(2) = 0, Because entropy = constant 
Ou Je 


> Qro 
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22. CORRECT OPTION (B) 
Cp+Cv= nR 
300-C,210*8.314 
Cy= 300-83.14=216.86 2217]K1 


23. CORRECT OPTION (C) 
dG- VdP-SdT ...(1) 
In an isobaric -isothermal process 
dP=0 and dT=0 
dG=0 or G=constant 
thus, Gibb's function is that physical quantity which remains constant in reversible isobaric process . 
From equation (1) 
G=G(P,T) 


dG = EA dP + COR dT ..(2) 


From equation (1) and (2), 


24. CORRECT OPTION (d) 


The chemical potentials are thus the rate of change of free energy per mole at const. temperature and 
const. pressure. 
dG = VdP — SdT + X jdn; and constant temperature dT=0 and constant pressure dP=0 


dG 
dG = ÈX udn; and uj = R 


25. CORECT OPTION (A) 


Work done in reversible expansion process for an ideal gas 
W=-PdV 


V 
If the gas expands from volume V1 to V2 , if the process is isothermal then we amy integrate it from V1 to 
V2 
= Va dV 
> W=-nRT A: 
> W --nRT[InV]v2 


o W = -nRT In (2) = —2.303 nRT log (2) 


26. Correct option (b) 
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27. CORRECT OPTION (d) 
WzPAVzP(V;-Vi) 
A-B WORK: 
ASI-I2B 
ADI 
Work, P=5atm ; V=1 to 1 
W=5(1-1)=5(0)=0 
IDB 

P=1 ; AV=V2-Vi= 5-1=4 
W=PAV=1(4)=4 


28. CORRECT OPTION (A) 
S=kglnW (arrangement ) 
> S/ks= In W 
> We=eS/k 


29. CORRECT OPTION (B) 


Molar internal energy of combustion= 


j (S-E LO TE 
See E EE J 


Energy of combustion always has negative sign. 
Energy of combustion=-1000Kj 


30. Correct answer is (c) 
NO+0O2 S NO» 
[add Ar (g)] 
(1) Phase only (gas phase) all are gases 
P=1 
(2) Component 
C=N-E 
C=4 -1=3 


(3) F=C-P+2 
F=3-14+2=4 


31. CORRECT OPTION (D) 


S H P 
U H 
V A T 
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Thermodynamics 


dH =TdS+VdP 


os), P 


32. CORECT OPTION (D) 
As we know ,according to euler theorem 
For equation,df = Mdx+Ndy  ....(1) 
F is exact differential only when 


Given exact differential df = 7 dx B =a dy ...(2) 


From eq. (1) and (2), w eget 


M=1/y and N—x/y? (follows euler's theorem) 


(2 = E Q) --i 8 


From eq.(3) and (4) 
E 


33. CORRECT OPTION (A) 
For a multi component open system 


G = > rit 


l 
Differentiating the above eq. 


dG —XYXujdn; +È nid u; ....(1) 

By the fundamental equation , 

dG = —SdT + VdP + ¥ idni — ....(2) 
Substracting equation (1) and (2) 

—SdT + VdP = XMyjdn;  (Gibbs-Duhem equation) 


If T and P are constant, 
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Xnjduj-0 (nex) 
Y xid u; = 0 


> xd + X2H2 = 0 (A) 
> dV = XdnjVj + XnjdVj Së) (3) 


Taking V=f(T,P,ni), we have 
dV 


are, are (m) er (Qu), ae Oen 


at constant T and P, we have 


Subtracting eq. (3) and (4) 
XnjdVj =0 .(4) 
For a binary solution, we have 
nidv4 t n;dv,-— 0 
> Xnjdvj—-0 (nix) 
> Xxjdvj =0 
> x,dv,+X2dv2=0 nan (B) 
For a binary mixture relation (A) and (B) are correct. 


34. CORECT OPTION (B) 
AG = nRT In => Gz — G1 = nRT In (=) 
Py P4 
And Ap = RT In 
1 
> U2 — My = MRT In(P;/P4) 
> H2 = Hu +nRTIn (=) 


P4 
If initial state is standard state then, 
P 
Urp = uo RT In 0000 (1) 
G(T,P)- G+ ENN (2) 
0 


Equation (1) shws that the chemical potential varies with natural logarithm. 


M vs P may be represented as 
D 
a 


s P for ideal gas . . 
However , measurement on the real gas shows tude uie 1 vrau 0N between p andP is not showing exact at 


very low gas pressure al gas appear ideal behavior at moderate pressure region. The pressure is lower 
than expected because real gas molecule atarct each other and the measured pressure is power than 


ideal. poo Repulsive part dominate 
At very high pressure # at high pressure ` »ecome so densely packed 
that they begin to rey KS, d , f chemical potential vs the 
real pressure may be t Dialer a ii S 

pe P for ideal gas 
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35. CORRECT OPTION (d) 


For a monoatomic species only translational degree of motion is occur. No vibrational degree of freedom . 
so, heat capacity is independent of temperature. 


36. CORRECT OTPION (*) 


37. CORRECT OPTION(B) 
For a multi component open system 
G = Xinili 
Differentiating the above eq. 
dG = Y u;dnj + Yn d Hi (1) 
By the fundamental equation , 
dG = —SdT +VdP + Xujdn; DI 
Subtracting the two equations,we get, 


Xnjduj, = —SdT +VdP 
Where, u= chemical potential ; n= number of moles ; |= components 


38. CORRECT OPTION (C) 


AG =AH+T (m) (1) 


AG = —nFE 
Therefore, we get, 


Kal = -nF (7, s (2) 


From eq.(1) and(2) we get 


OE 
—nFE = AH — nFT (2), m (3) 
But, AG = AH -TAS ...(4) 
AS = AH-AG 
T 


FROM EQ. (3) and (4),we get, 


-TAS = —nFT (5), 


> AS=nF El 


E 
aT/p nF 


AS 
So, temperature dependance--- 
n. 
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39. CORRECT OPTION(A) 

AH = AU + Anj RT 

AU — AH = —ngRT 

Fe203(s) + 3€ (s) — 2Fe (s) + 3CO (g) 
Ang- 3-0=3 (only gaseous atom) 
AU-AH=-3RT 


40. CORRECT OPTION (B) 


P system >Psuroundings 
Process of expansion takes place. Work is done by the system on the surroundings. 


P 


surrounding 


41. CORRECT OPTION(D) 
According to the Gibbs Helmholtz equation 
4G = AH +T (282) 

P 


AG 


ôT AG OR AH 


AH 


temperature 


42. CORRECT OPTION (C) 
AG = nRT ln È 
Py 
> AG= nRT In 
V2 


> AG =1*R*300*In () = —600RiIn2 


43. CORRECT OPTION (A) 


At triple point vapour pressure of solid A and liquid A are same. So, 
10 1890. g 1400 


> 2-400/T 
> T=200K. 
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44. CORRECT OPTION (D) 
Option (a),(b) ,(c) talks about the processes which are spontaneous processes. 
Option (a) and (c) can be seen through phase diagram of water and (b) is free expansion which is 
spontaneous. 
Option (d) talks about the equilibrium process. 
Water 2 ice 00C ,1 atm 
So, this is a non-spontaneous process. 


45. CORRECT OPTION (b) 


EECH 
OP),  \aT/»p 


OH F P 
It shows (=) has a dimension of volume. 
T 


46. CORECT OPTION (A) 


From Maxwell equation , 
dU-TdS-PdV SaL E] 
divide the equation by (dV)r at constant T 


Gel 77), - ° Gar), 


"peers 
GL TG), 
G) =T GP o 


Ideal gas , PV=RT 
P=RT/V IN EQ.(2) 


cte 


47. CORRECT OPTION ( C) 
AHmer= 3kJ mol-1=3000J mol 


T=300K 
A(s)> A(1) 
, , dp AN 
Using Claypeyron equation Jap ea 
t (=) _ AH -> AV = AH = 3000 (=) 
EE c" ©) 300 ^^ A3 
an E 
T 
AV = 10cot- 


48. CORECT OPTION (B) 
BC is an adiabetic expansion. 
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49. CORRECT OPTION (D) 
U-f(T,V) 


GL = Gr), ar + Gor), Cor) 
GL =v + 7, 


> NOW,a = vor); => (2), = aV 


(2), = Cy + naV 


50. dU=+TdS-PdV 


We know that, dS> = 


dU+Pdv 
ds=> ——— 


T 
dU +PdV - TdS < 0 

If S & V are constant, then equation (1) becomes (dU); <0. 
Criteria of spontaniety. 

Correct option is (a) 


51. Correct option is (d) 


Standard condition means 1 bar pressure 


For A 


So at 1 bar transition will be solid S liquid. So number sublimation 
For B 


Thermodynamics 
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Thermodynamics 


Same explanation as above 


52. Correct option is (b) 


dH=TdS+ UdP 


(=>), = - (67), 5 (5p), = (a), * 


This is T.E.S. II 

Now for given gas 

P(V-b)=RT => PV-Pb-RT 

Constant P on differentiating with respect to T 


p EN T EN R (2) "i "m 
—] -0=R> |>=] =—52,(—) = -T- 
OT /p OT/p P  'NOP/7m P 
now from equation 

RT TR 


P(V-b)=RT > V-b- TL 2 EH = +V =-V+b+V=b 
P P 


so (H), =» 


53. Correct option is (a) 


According to Clapyeron equation 


dP AH 

dT TAV 

if AV=0 (because change in volume is zero) 
dP AH dP 

dT T(0)'dT 


dP : 
; 4, represents the slope of phase diagram. 
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When tan 0 = oo 
0 =90° 


54. Correct option is (a) 


(5 ) B EN 
OP),  . NOT)p 
Now, according to reciprocal theorem of partial derivatives 


CG _ 2S 
OTI \ 3T 
OV’ p 
Putting these values in equation (1), we get 


S P 


Or, E f = a SS ES =i ES? 
ap ar 
ui (= T m Sch 


55. CORRECT OPTION ( D) 
In one component system 4 phases carnot simultaneously exist at single point. 


56. CORRECT OPTION (D) 

(i) Phase transition cannot be isoentropic 
Solid = liquid 
So, entropy is ging to chage during phase transition 

(ii) | Phase transition cannot be isochoric as 
Solid=gas or liquid = gas 
Volume is going to change 

(iii) Volume is going to change 
As phase transition takes place at constant temperature and pressure. 


57. CORRECT OPTION (C) 
For any cyclsc process cyclic integral of state is zero. 
So, dU = 0 as U is a state function 


58. CORRECT OPTION (B) 
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Thermodynamics 


Thermodynamics 


Fugacity of gas is less than P when attractive forces are dominant.It happens at lowP and when T<Tp. 


59. CORRECT OPTION (B) 


The given engine is working as refrigerator as itis transferring heat from sink (lower temp) to source 


(higher temp).so, efficiency of refrigerator / coefficient of performance. 
T, 100 1 


T,-T, 300-100 2 


1 


n = 


Fd a = 
of a as a Wed 


60. CORRECT OPTION(B) 


G = X Hini 
> G=H-TS 
> H=G+TS 


> H= Xuinj + TS 


61. CORECT OPTION (A) 
dG = VdP — SdT + fdL OI) 
Differentiating equation wrt T at constant P,L 


(5) PE 
OT/p, 


Similarly differentiating equation (1) wrt L at constant P and T 


ust 
al/ pp ` 


Since ,G is a stable function 


Seet T ape 
OL NOT P,L x OT \OL T,P PL 


> -Op 
OL/ T,P OT / PL 


62. CORRECT OPTION (d) 


T, Temperature T, 
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Thermodynamics 


Wrorar= Was+ Wgc+ Went WpA 


Process AB is isothermal 
V2 
So, Wap = —nRT, In= 
Vy 


Process BC is isochoric 
So, Wpgc=0 


Process CD is isothermal 
So, Wep = —nRT; In (2) = nRT, In 
2 1 


Process DA is isochoric 
So, Wpa= 0. 


V? 
Wrora, = —nRT, ln Lë 


V, V, 
) nRT ln — = nR(T; — T,) In (2) 
1 V 


Vi 


63. CORRECT OPTION (c) 
For a reversible process (adiabetic) ,AS=0 


64. CORRECT OPTION (b) 


dP AN 
dT TAV 
For H20(s)> H20 (1) 
AV-V;-Vs <0 
So, T «0 
65. CORRECT OPTION (b) 
A-2*104K4 ; B=5*10-5 bar! 
QU OP 
GL zi (2), mE 
a Op 2*107^ 
B GL ~ 51075 ` S 
(=) = 320 * 4 — 1 = 1279 bar = 1.279kbar. 
OV T 


66. CORRECT OPTION (A) 


Fro a closed system the correct statement is 
dU=TdS-PdV (Maxwell eqation) 
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Thermodynamics 


67. Correct option (a) 


Condition of first order phase transition is 
AS#0 AND AV+0 


68. CORRECT OPTION (A) 


Since, the given phases are in compressible. Therefore, the effect of pressure is zero on this phase 
transistor. 


69. CORRECT OPTION (C ) 
dS = [nCydT 4 77 flav 
2 
> AS= nComin(? 72) +nkRin (2) 
1 


So, entropy is proportional to In V. 


70. Correct option (a) 


dq _dU+PdV ` nCydT+nRdT-VdP | nCpdT nR 


T T T 


AS 2 nCpln 2 — nRIn 2 (n= 1, Cp == R) 
T P4 3 


T» = 600 K, P2 = 4 atm 


= 300 K, P, = 2atm 


5 
AS — ;RIn2 — RIn2 


AS = ` Eis? 


71. Correct option (b) 


p= E +20] = RT E 


ovm 
- 3 (1 + 202) - (ed) 
Vm Vm Vm) TF 
Variable separation and integration , 


f (+2) ovn = f alng 


Vm 
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On differentiate with respect to temperature at constant volume 


OB\ 1 dlnq 
- Gaz Ca), = 
OT / Vm OT Jy 


m), fravm = fdlnq > In Vm = Inq 


Sg pic HE. x. 
similarly ,if P = va RT ( am 


On differentiate with respect to temp at constant volume & multiple by RT? 


dln 
> 0 = RT? Cl = Uiaeai 


aT 
Wi Chan a (ae), ees ay 


72. Correct option (a) 
G" = Giu — Date 
Gna O F Cn 
Gh ix = nRTY xjinx; 
= 4x8.314x300 [: EE 
= —9976.8[n2 = —6913.9] = —6.913k] 
GF = —1.5kJmol^! 
Or, GP = —1.5x4 = —6k] 


Hence, AGR; = GE + G4, =—6 — 6.913 = 12.913k] 


73. Correct option is (b) 


For adiabatic process, AU = w = T. (Te Ti) 


0.4 


War 
T= f, (2) = 500 (=) = 199.05K 
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Thermodynamics 


Now, AU- = (Te Ti) 


2X8.314 
—0.4 


(199.05 — 500) = —12510.3J = —12.5kJ 


74. Correct option is (a) 
Activity, a= (a,)* (a_)”) 


For NazSO4 > 2Nat+ SE? 


a= (y,m,)* (y- m)" = (y£y2Z)( mim?) 

a= Dr TH (Zm)* (m) > a = (y4) ™ ((2m)*(m)*) 

a= (v+)°((4m)*(m)) = (y+)? [4m*] > a = (4)? (4m)? (Since , m= 2) 
a= (7+)°(4x2°) > a = (y4)(2?x27) >a = (y? (2°) 

My = u$ +RT In(y+)° + RTIn2° 


Ui = H? + 3RT In(y+) + SRTIn2? 


75. Correct option is (d) 
AS = nCyln(2) 
Tı 
AS; = nCpln2 
AS2= nCjlnl.5 
AS; > AS2 
Entropy is a state function, 
AS-AS; + AS; 
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76.Correct option is (c) 
np 3 
ng 1 

From Gibb's Duhem equation, 

npdup + ngdug- 0 

E = i = = dug = —3x10 = —30//mole 


77. Correct option is (b) 

Was = -2(46.48 - 23.24) = -46.48 l-atom 

At point B, PaVp= 2 x 48.48 = 92.96 

At point C, PcVc = 1x92.96=92.96 

Since, in the process BC ‘PV’ is constant so it is an isothermal process. 


Wac = -nRTIn2 - —PVIn2 = - 92.96 In—— = - 65.07 l-atm 
1 1 d 
Wen = -1(23.24-92.96)=69.72 l-atm 


Wpa=0 (AV=0) 
Total work = Wap + Wgc *-Wcp*Whpa = -46.48-65.07+69.72+0 = 41.83 l-atm 
Therefore, total work 4183 J 


78 Correct option is (b) 
(Ce - C ia = nR = P (77). 5 (Ce — Cv Jea = T(2). (25), 


OT OT 


Op 


(Cp — Cy ) reat - (Cp — Cy )ideat = I. GL =P ER 


OT OT OT 


(or), Del, —? = Gr), (Gr) 


79. Correct option is (d) 
In adiabatic process In isothermal process 


PVY =Constant PV=Constant 
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Thermodynamics 


Pa — Pe 


For monoatomic gas p « 


x 
wl Go m 


80. Correct option (c) 


Vander waal equation 


2 
(P 4 a \(V=nb)= nRT or (P + ; snb) nRT (Vm is the molar volume ) 


a 
Vm 


From first thermodynamic equation of state 


(t) =r (2) =P ...6 


Differentiating eqn (i) with respect to T keeping V constant (2) mes 
V mT 


Substituting this value in equation (i1) 


Co tS emp or (5), =P t P= VE (T. - Pu) 


81. Correct option (c) 


gExcess — Asobserved WW Asideal 


Asideal — —p (Fins + STE 
2 2 2 2 


Asideal - Rin2 ; AS observed = S Excess + ASideal = —RIn2 + Rin = 0 


82. Correct option (c) 


Uu = u? +RT InP, and u, = u? +RT InP, 
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= RTI (2) 
H2 — My = n P 


1 


2 
Au = 8.314x300ln ($) = 1728.8] 


83. correct option is (c). 
According to phase rule, F=C-P+2 
We get, 

At equilibrium, 

F=0 (at triple point) 

0=1-P+2 

P-3 


84. Correct option (b) 


If during a phase transition, entropy and volume of the system remains unchanged, then it is 2" order phase 
transition. 


If AS = 0 and AV = 0 then 2™ order phase transition 


If AT = 0, then 1“ order phase transition. 
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UANTA 


Statistical Thermodynamics 


Hints & Solutions 


1. Correct answer: (a) 
Average energy per particle E — 
(Where f= single particle, partition function, ) here 


df d AT" 
dT dT V 
df? A NE 
dT v M 2 
KT A ard - mkT 
Put this value in equation (I), we get , E- AT" V 
v 


2. Correct answer: (d) 
The virial expression for a real gas can be written as 


el BIC idis 1 


RT v v 
(From equation (2)) 
P- ES EN) 
M V NV 
Substitute this ‘P’ in R.H.S. of equation (1) 


RV RT Bv Cv Bv Cv 
——=1+B 1+ PE eA ie ee 
RT ? y v v vo v 


RV RT 1 : 
Or, cl H — + (B,B,RT +Cp(RT) aen 


Compare Ist term on R.H.S of equation (1) and (3) 
Bv-B,(RT); Bv- aBp (hence = RT) 
3. Correct answer: (a) 
standard deviation of Maxwell's speed = = (v? ) - (v? ) ET cue 
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4. Correct answer is (c) 
E 


Population P « e xT 

Therefore at constant temperature lower the energy (E) higher will be population. 

Ea > Ep 

Pa (T1) < Pp (T1) , PA (T2)<Pp (T2) 

Also higher the energy value, higher will be the change in population ratio when temperature is changed 


from T; to Ti 
PA(T4) Pp(T1) PA) Pp(T2) 
PA(T2) Pp(T2) PAG) Pp(T2) 


5. Correct answer is (c) 


$ 1 
Since 0, « T when u = 


1 
When r is same then , 0, « m 


5 1x2 2 
mom ip stead) s 
GD)? - uou ^ PEXLSI2XES a 
r sans (Pros) 2*1 


6. Correct answer is (d). 
In order to have 10 unit total energy only 2 combinations of selecting particles are possible 
(1) One particle with 1 unit energy and 3 particles with 3 unit energy each 


Therefore, number of ways possible = ^C, x 3C3 = 4x1=4 ways 


(Because first particle can be selected in 4 ways next 3 particles from remaing 3-particles can be 
selected in only 1 way) 


(ii) 2 paticles with 2 unit energy each and 2 particles with 3 unit energy each 


Therefore, number of ways possible = (selection of 2 particles out of 4-particles) x (selecting of 2 
particles out of remaining 2-particles) = ^C; x °C, = 6x1-6 ways 


Therefore, total number of ways = 4 + 6 = 10 ways. 
7. Correct answer is (c) 


kE- mV? 
According to question , 
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IMeV- = M,,S? 
2MeV- 2 MS] 
Dividing equation ii by i 


(2) -2,&$-/28i 


Sı 


8. Correct answer is (b). 
The relative population in two states with energy E; and E» satisfy Boltzmann distribution law 


[E1 -E2] 
= = P Ro ape (1) [where, gı and g2 are degeneracy] 
2 2 
Given : ™ =(=) exp [4E: - Bak) —— Q) 
2 


Compare equation (1) and (2), we get, — - = S 
2 


2 
The value of 2 = = 
gı 3 


9. Correct answer is (d) 
We know that , €,,;,= = ee 1 


hv= kpT IR 2 
From equation 1 and 2 
1 1 
ÉWB— '— — iT > 
1—e*s 1- 


mim 


10. Correct option (c) 
S= KglnW onanan 1 
Where w = arrangement 


L. 6b 2 6XSX4x3x2x1 _ ep 
012/13] |—1x2x3x2x1 


From equation 1 , S= Kgln60 


11. Correct option (d) 


Rotational partition function 
Zro =2(Z'even Zeven + Z'odd Zodd) ....... i 
For H; molecule, 
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spin 'i' equal to 1⁄2 


i+1 
2i+1 


So, Z'even = a and Z odd = 
2i+1 


Zeven = Yy=0,2,4...(2J + 1)e~PBhc10+1) 
and Zodd = = y= 135..(2] + 1)e7 BBhc1d+1) 


ortho Z'odd = 2— = Ê 
Hə (i=1/2) S 


para, Z'even — 


Put the value Z'even Zeven Z'odd Zodd in equation (1) 


: 2. (2J + 1)e8Bhc10+1) +3 2. (2] + 1)e PBhecig en 
J= 0,2,4.... J= 1,3,5.... 


12. Correct option (b) 


100 
w =) (for boson particle) 
100! 
t — (100)10? 100 
S== KglnW =Kgln SSES Ke (In100'*" — In100!) 


kB (1001n 100-1001n100--100)-10? kB 


13. Correct option (c) 


Given: total particles = 6 (N) and states (1, 2, 3} 


n71,n;72,n3-73 


À N! 6! 
So, possible arrangements = = = 60 
n41n5!n5! 1!2!3! 


14. Correct option (a) 


KaT-1 

n . AE 

1 L diis " 
nj Ji 
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15. Correct option (c) 
Number of energy levels (gj) ^ 2 


The number of ways of distributing = 2‘ = 2*= 16 
Number of molecules (Ni)= 4 


(since, it is not given either particles are distinguisable or indistinguishable, therefore, we will consider it 
as distinguishable) 


16. Correct option (b) 


Since rotational partition function is given by 


h 
8n?Ic 


kpT 
q- —— where, B= 
ohcB 


kpT 8n?IKT I 


che — ch? o 
8n?Ic 


Hence, two factor should be considered 

(le u 

(11) o(symmetry number) 

In present case, H-C=C-H has smallest u (reduced mass) also having o= 2. Therefore, H-C=C-H will 


have smallest rotational partition function . 


17. Correct answer is (b) 


A is given by 


| N,KT Q" 
= h  Q4Qsgc 


NaKT (drot)? (dtrans)? Quin" 
h ` trans)? [Catrans)? (arot)? viv)? ] 


NAKT (arot) (qvi) 


= 6x107 
h (Qtrans)? 


10)(1 
= 6x10?3x101? ao” 


18. Correct option (a) 


S=kp InW 
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19. Correct option (d) 


For vibrational partition function qvip = ——z; 
1-eKT 
For condition (0 = /v/k). so, from equation i, we get 
-hv 


case 1 : T is very low so that ` >> 1. Then e is neglected compared with unity in the 
denominator of equation ii, we get 

qvib — em (at low temperature) 

Case 2 . T is very high so that ` «««] . then the exponential in the denominator can be expand as 
series retaining only the first two terms . 


0 
Ed 0 
e T-]— 
T 
0 2 
„=_e 2T 
Qvib T 


20. Correct option (d) 


g n! Al 
The number of microstate = —— = ——— 
rin-r! 2!4-2! 
4x3xX2x1 
2x2 


There are 4 given staes and no of particles 2 possible distribution . 


21. Correct option (c) 


Partition function is given by q = X; ge kt 
SE SEN e 
Q= Jo gue ET + gae VT deeg geen vue ge T 


q-Xjdgj 


22. Correct option (d) 


-hv 
neglecting zero point energy , q = (1- exr y'= (1-e))! (hv- kT) 
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Probability is given 
N; 1 Ae 1 chu 
xdi d ao = mes =(l-e 1) 1p-1= e ?(e — 1) 


23. Correct option (c) 


Maxima in the curve corresponds to most probable speed of the gas . 


2RT 
Cur = p 
As Mne < Mar < My. 


So , Cawpyne < Cawpyar < CM.P)kr 


So , curve C corresponds to Ne , B to Ar and A to Kr 


24. Correct option (b) 


f= Ave, 1 
i E 2 a: d 
Since , average energy - NKT ( aE ), 
Therefore , average energy per particle = KT? (=) ——Ó 2 
V 


' a a al alneBT 
From equation 1 , we get , (=) = (=) + (=) F ( me ) = 0 +0+B 
aT /y aT /y aT /y aT V 


From equation 2 , average energy per particle- KT (D) = BKT? 


25. Correct option (b) 


Since Boltzmann formulation deals with whole system containing N number of particles Therefore, f 
should be replaced by fN N! {Since on incorporating condition of indistinguishability total number of 
arrangements changes by 1 N! | 


26. Correct option (d) 

entropy and heat capacity 

since , entropy change in partition function is compensated by change in total energy and in heat 
capacity differentiation with respect to temperature lead to cancellation of constant shift in energy . 
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Statistical Thermodynamics 


27. Correct option (b) 
standard deviation of Maxwell's speed = y (V?) — (V)? 


= 2 2 

— Arms Vivog 
3RT 8RT — (3 ak (3 =) RT 
M "M Tt) M T M 


28. Correct option (b) 


n; EE 
m RE 


1 
7» 2n4 . 
= = P = — (given) 
1 —hv 1 —hv 
77 em (er) = ^ (2) ur 
—hv hv 
Des Kgln2 ~ Kgln2 


29. Correct option (d) 

The single — partition translational partition function (f) = E for an ideal gas in a fixed volume V 
food? , given f^ (A4,)^n 

n= -3 


30. Correct option (d) 


TTL total spin % particle 
5! — 5x4x3| ` 


Weight of configuration = — = — 10 
312! 312! 


31. Correct option (c) 
Since , zero point energy = 0 


1 
q = — —3À3 (given AE = Kell 
1—e kt 
1 1 1 1 
q= kt — = ——— = = 
1 — ekt Le" (ct al 
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32. Correct option (d) 


(no of arrangments)Sassica > (no of arrangments)?,emions > (no of arrangments)P,ons 


Sc > Sa > Sp 


33. Correct option (d) 


N2 geff gre PU: ED N? 92 N. = NP Ng;e P 
— = SS 8 18S OO DO = = ————— 
N ge P5 gue PE Cog gn P ED (QN, o "TT gie E 
—400 
2e 420 1 1 
7.  —-400 ~~ —400~ 4 1255 
Arie jem 12e 


34. Correct option (d) 

3 P, 

Degeneracy = (2x2 1) = 5 
S= Kglnqe 

For electron ground state , qe = ge 


S= Kg lnq, = kgln5 


35. Correct option (c) 


For distinguishable particles , 
Ini 


ni! 


W=N! 7; 


Jano Ouni 23 1 
W= 41-2" x" = Ax x> = 96 
No! n4! 3! 1! 


36. Correct option (c) 
V h 


= — JA = —— 
E A3 AJ 2nmkgyT 
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6.626x10 ?* 


4 2X3.14x4x1.66x10777Kgx1.38x10?3/K 1 x298K 


_ 6.626x10 24 
/2x3.14x1.66x1.28x10-25]K -1x298K 


|. 100x10- 5m? 
(5.05x10711)33 


q-7.8x1026 


= 0.7764x10 ?7 


37. Correct option (b) 
[A-A(0)]- —NKgTInq 


Given: N= 10, q= q = 2s+1 =2x1 + 1 = 3 
[A-A(0)]= -10k TIn(3) 


38. Correct option (b) 

PET cire 1L | 103m? ` 109? 
E TN — BT (L6x10-!m)  (16)9x10-3 (1.6) 

= 0244x103? = 244x107? 


39. Correct option (a) 


kT "m 
—g«— x~ 
GBhe ^4 pg T 


q«I 


I (H2) is smallest ; q(H2) is smallest 


40. Correct option (b) 

For linear molecule , Utrans = ET 
Urot = RT (T >> Kä 

Uz RT (T >> 0,) 


3 D 


Urtrans Urot ! Uyi = = RT : RT: RT = 2 1: 1 


41. Correct option is (a) 
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-yhBo 
-— : l 1 
Total number of population in excited state is N'= ae BEBE 


—yhBo 
TEM : 1 
Total number of population in ground state is N — ae 2KgT 


Partition function q = 1 in both the cases. 


T -yhBQ -yhBg -yh(Bg - Bb) 
The population ratio NE x d LE =e Kpt 


evh 
2kpT 


NI 
Hence, am (5.5) 


Taking In on both sides, we get 


N' 55yh 
In — =22 


N 2kpT 


[But in answer 1/2 part is absent, which is obtained from yhBM value. Mi values for protons are +1/2 
and -1/2] 


42. Correct option (a) 


From Sackur Tetrode Equation the molar entropy for monoatomic gas A is 
Bt 5 3 P 
SA =R [-1.1541 +=InT+ -In M, — In —] 
2 2 Po 


The molar entropy for monoatomic gas B is 

SUB -R[-1.1541 + InT+ “In Mg — In a 

The difference between two standard molar entropy is 
S34 — S&B - 2 R( In My — In Mg) = 2 RIn2 


43. Correct option is (c) 
The fraction of molecules in the excited state is equal to the ratio of molecules in the excited state to the 


total number of molecules. 
Ens 
momo g.exp (- xir) 
EX € € 
N mtm goexp(- i) sex (- ir) 
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či 
mu zeen Ziel 
N exp(- chen 
(ed Seel 
sn 2exp( Se o 
m "ace 1 Si RS: 
kpgT 


Since €,—€,— Ae and T m co, Therefore equation 1 gives 
Ww 

Wéi 

N 1+2 


44. Correct option is (c) 
Residual entropy, S= kslnW^^ where W = arrangement 


Arrangement for solid OCS, 
O-C-S 
S-C-O 
Arrangement, W — 2 
S-kaln(2)"^ ; S-NAksIn 2 
S=Rin2 ; S-8314x0.6937. = 5.7628 Ż 


45. Correct option (b) 


Entropy in terms of internal energy U-U) and canonical partition function Q 


U- ruo 


S= +kInQ 


Since canonical partition function Q for distinguishable particles is given as q^ 


U- ruo 


S= + kin q^ 


For monoatomic gas U-U (0) = 3/2nRT and q = 4 , where À = 
2nmkT 


Put these value in equation (1) 


3 
5nRT V (2tmkT)3/? 
S= NK, 


S=ŽnR+nR In { 
2 
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46. Correct option (d) 
For macro-canonical system, Uniform distribution function is the correct probability distribution 
function for energy. 
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UANTA 


Atomic and Molecular Term Symbols 


Hints & Solutions 


1. Correct option (b) 
Given electronic configuration : (1o, e (Io, y (26, k (26, y (2n, ) (2n) 
Here (1c : ji (lo, y (2c : y (20, y belongs to closed shell only valence shell is considered while writing term 
symbol. 
Here, ^= $ A =+1+(-1)=0 => 
S= —+-—=1 


2 2 
or, 2s+1=3 


Reflection under plane containing nuclei = (—) x (+) =(—) and uxu =g 
term symbol, 352: 


2. Correct option (b) 


for °D 
2S+1=3 2525-7 3-1 
>S=1 
L=2 
J can have values from |L + S| ......... IL-S| 
prscatis [2-1| 
3 2 1 
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Atomic & Molecular Term Symbol 


total values are 3. 


3. Correct option (d) 
N> Is? ie 2p° 


+1 0 -1 
m; 


L= 1+0-1=0 term defined as S 


s=3/2 
2s+1= 4 
J= (L+S) = 0+3/2 = 3/2 
Therefore, ground state term symbol is *S,, 
4. Correct option (b) 
for allowed transition 
(i) AA 20, +1 
(ii) Hec) or (-)(-) 
(iii) gu or ueg 
transition (B) and (D) follows all the criteria for allowed transitions. 


5. Correct option (c) 
for electric transition, selection rule is as follows 
(1) AS=0 
(ii) AJ = +1 
(Gii) AJ = 0, +1 
TE — °D is allowed transition, because, AS=0 and A/ = -1 


6. Correct option (c) 
He > 1s? 


HI 


L-0, S-0 
J-|L*S| - 0 


s-0 
2st+1=1 


thus the term symbol, 'So 


7. Correct option (d) 
for np? configuration, (microstates) 
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Atomic & Molecular Term Symbol 


L M S 

E 
(Di= +1 0-1 D 2 1 0 
mti P 1 3 1] 
om. + IS 0 1 0 
ao — D 1 3 1! 


the configuration (IV) violates Pauli's Principle, hence term symbol °D is not possible. 


8. Correct option (d) 

for electronic configuration, ns'np' 

L=1 

S=1 

Hence, 2s+1 = 3 

J= L-S|=|1-1]=0 (for less than half filled orbital) 


Thus, term symbol will be: °P, 


9. Correct option (b) 

for electric transition, selection rule is as follows 
(1) AS=0 
(ii) AJ = +1 

°S —?P follows all the selection rules. 


10. Correct option (a) 
Be (in excited state) 1s? 2s! 3s! 


A + 


2s 3s 
Ss ëch) 
multiplicity = 2s*1 =3 
L=0+0=0 
J= ES sevens IL-S| = |0+1].....0-1| = 1 


Hence, term symbol is °S, 


11. Correct option (a) 
the arrangements for [115]! [30,,] configuration are 


(I) m, e Ou 


| 


ne Ze 
m, +1 DN 
s= 1, 2st] =3 


L=1 — II term 
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Atomic & Molecular Term Symbol 


Spectroscopic term — *[] 


(II) mj, us Ou 
E 
Tig Tg 
m, +1 -1 
s= 0, 2s+1 = 1 
L=1 — II term 


Spectroscopic term — 'T] 
Thus, one possible term symbol is 'TT 


12. Correct option is (a) 
1s’,2s’, 2p 


Number of microstate for P*= — 15 
41(6—4)! 


Is2]1x]1 212? p-23x3-29 
Thus, remaining microstate are 5 which comes from'D = 1x5 = 5 


13. Correct option (c) 


Is! 2s! 
SHEET 


multiplicity = 2s+1 =3 
J= [L-*S| ......... IL-S| = |0-1]....|0-1| = 1 
Hence, term symbol is °S, 


14. Correct option (a) 

Selection rule for atomic transition 
(1) AS=0 
(ii) AJ = +1 
(Gii) AJ = 0, +1 
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Atomic & Molecular Term Symbol 


A Sei $1 
(c) Le Let 
H t 


$«1 S=i 
(d) i15 L-2 
ju ju 


So, AS =0; AL =-1; AJ « -1 (allowed transition ) 


So, A$ 2 -1; AL 5 —1; AJ 7-1 (notallowed transition ) 


So, AS «0; AL 2-2; AJ =0 (notallowed transition ) 


So, AS -0; AL 17 AJ =-2 (notallowed transition) 


15. Correct option (d) 


N? 07 9; 02 Oy, än = To, 9: 
gerade orbital 
A. sett 
l ^C | -— 
S ea 25 2 3 l ha 
As O., orbital is symmetric, (+) is used. 
— Sel AA — Zeg 
Thus, term symbol of N,' is d wf H 
16. Correct option (c) 
The atomic term is given by SEH 


so comparing this with given term 


we get, 


2841-4 = S=3/2 and L= 3 (for F). 


Thus, number of microstates = (2S + 1)x(2L + 1) 


(2x5 41) x (2x3 +1) 


= (4)x(7) 
= 28 


17. Correct option (a) 
Since, o = hu — exE, 
Where ® is work-function 


v is frequency 


E, is stopping potential 
e is charge of an electron 
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Atomic & Molecular Term Symbol 


using above equation for two frequencies and stopping potentials, we get, 
> hu, — exE, = hv, — exE,, 
on solving we get, 
e 
U = z (Es, = Es.) TU 
thus, v; = 2.4x10!* (0.72) + 6.0x10°x10°Hz 
vU; ~ 7x101*Hz or 7x10? MHz 
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UANTA 10 


Kinetic Theory of Gases 


Hints & Solutions 


1. Correct option (c) 


OT 
for ideal gas Joule - Thomson coefficient Hu = el =0 
H 


so we cannot product cooling or heating under iso- enthalpic process 
under the given process. PV?— constant ` (1) 
For ideal gas, PV*—nRT 
substituting P from equation (2) in (1) 


we get, TVa-1 = constant 
or da e EC 
heref L SE 8 
therefore, Tx Em 
T V 
— log D = (a NM log x YN (3) [since V, > V] 
1 ME 


now, in equation (3) 


log "ve 
> v, 


So for T2 > T1 (heating ) 


amust be less than 1. Also expansion causes decreases in decrease in pressure of gas, this is possible for a 
7 0 as PV*— constant 
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we get, TV*'- constant 
or Ti — qos 
a-1 
therefore, = = (=) 
1 2 

E el zl (a — Dlog (22) s (3) [since Vz» Vi] 
now, in equation (3) 

> log (=) = —ve 


so, for T2? T; (heating) 
a must be less than 1. Also expansion causes decreases in decrease in pressure of gas, this is 


possible for a>0 as PV* = constant 


2. Correct option (a) 
Standard deviation in speed = y (V?) — (V? 


= 2 2 
= ms — Vovg 


3RT 8RT 


M "M 
8\ RT 
po 
8 RT 

46-3) E 
— 0.67 E N o7 f 
M M 
3. Correct option (d) 


The virial expansion for a real gas can be written in as: 


V 2 
RT = 1 + BpP + CpP + eC gage ah (1) 
PV ; 
RT 1+ ByV + CV T6880 ee (2) 
from equation (2) 
P= (1e. E) 
V V V 


Substitute this ‘P’ in R.H.S of equation (1) 


PV RT By By RT By By 2 
— = 1+ eg EK ae a ee er a ee "poses 
V V V V V 
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BpRT 


= 3 (BpByRT+Cp(RT)*) +05 0 (3) 


comparing first term on R.H.S of equation (1) and (3) 
By = Bp(RT); 
By = aBp (here a = RT) 


4. Correct option (c) 
since, K.E = =mv? 


according to question, 


1MeV- S Ao ee (i) 
and 2MeV-2MaSÀ 0 sus (ii) 
dividing equation (11) by (1) 
S) -2 
Sı 
$5 = V2S, 


5. Correct option (c) 


maxima in the curve corresponds to most probable speed of the gas 


2RT 
Cmp Tv 


so, the curve C corresponds to Ne, B to Ar and A to Kr. 


as Mye < Mar < Mi, 
«C 


p: oe 


so, Cm mp, 


PNe 


6. Correct option (b) 
Standard deviation in speed (oc) = y (V?) — (V)? 


= 2 2 
— Arms — Vivo 


_ [3RT 8RT 
M TM 

8\ RT 
= (s - 3) 
T/ M 
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8 RT 
E 
-0.67 [= x07 E 
M M 
thus o, = VT 
7. correct option (c) 
Vins = LT => Vms X quie 


8. correct option (c) 


Th san dV 


T; V; 
AS = nC, mln (=) T nRin (2) 


1 


hence, entropy is proportional to InV 


9. correct option (c) 


residual entropy is given by, S = kgln wl? where w is number of arrangements 
Arrangements for solid OCS, 
O=C=S 
S=C=0 
arrangements, w = 2 
S = kgln(2)"^ 
S = N;kgln 2 
S=RIn2 


S = 8.314 x 0.693 J/K=5.7628 J/K 
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10. Correct option (d) 
In adiabatic process 
PVY = constant 


1 
Por 


Since, y = 5/3 for monoatomic gas 


1 


Thus for monoatomic gas, P e —; 
y5/3 


In isothermal process 


PV — constant 


p-- 


1 
V 


Kinetic Theory of Gasses 
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VANTA H 
Physical Spectra 


Hints & Solutions 


1. CORRECT OPTION (A) 


S per the B.O approximation we can consider the two different motions independent if their energy differentce is 
large . In other words if energy difference of two different montions is large , the coupling between them will be 
minimum. 

In case ofAX the enrgy difference vibrational and rotational energy is large compared to BX. Hence the coupling 
will be stronger in BX. 


2. CORRECT OPTION (B) 
a) THE ENTROPY OF A COMPOUND IS RELATED TO THE NUMBER OF WAYS IN WHICH THE 


MOLECULES CAN BE DISTRIBUTED AMONG DIFFERENT ENERGY STATES,. the greater the 
number ,the large is the degree of disorder ,ie, larger the entropy. 

b) According to Boltzmann distr ibution, larger the energy difference wrt ground state lower will be the population 
in excited state. 


= eEKt here E-E. E 
ex gs 


excited ^ ground 


Since, Ees =Bhce, so higher the value of B, lower will be the population in different excited state (ie. lower disor 


der or entropy) 


h? 
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=> Bo2<Bn2<Bp2<Buz2 
Sror for Oz is highest. 


3. CORRECT OPTION (C) 
For an asymmetric top,lx=ly=Iz 
So, Total energy (El Ext+Ey+Ez 
Jk + Jm + Ji [Since, E=J/2]] 
2Ix 2ly 2Iz 
So, above equation will give three rotational constants Bx, By and Bz. 


4. CORRECT OPTION (C) 
Q- band (or PQR contour)is obtained for the bending vibration of C2H2 when its linearity is lost. 


5. CORRECT OPTION (A) 
The frequency of vibration- SA 
2n*4u 


Where, k=force constant of bond 
M= reduced mass 
So, ratio of frequency of Co-D and Co-H bond is 


] 60*1 
Uco-D _ |HMCo-D |. | &i — [B 
Üco-H HCo-H —— 2 
= - 1 1840 - 
Sa Us pcm Desc IG) = Se = 1300 cm 


6. Correct answer: (b) 
1.The degeneracy associated with the quantum number (Mj) (the orientation of the rotation in space) is 
partly removed when an electric field is applied on a polar molecule (eg. HCl, NH; etc) 
2. This splitting of states by an electric field is called Stark Effect. 
3. For any linear molecule (eg. AX or BX) in electric field (E), the energy of the state with quantum 


number J and M; is given by, 


E(J,Mj) = he BXJ(J+1) + ail Mu E? 

here energy depends on jj (square of dipole moment), so large u (dipole moment) will cause larger 
splitting. 

Hap > Lex 


7. Correct answer is (c). 
From Heisenberg uncertaintity principle, 


h h 1 

At > — At > — At > — 

AE . At 25,7 Av. At 7 = Av. At > 7 
Av. At > constant  ....... (1) 


(where At = life time or Relaxation time and Av =uncertainty in frequency) 
(0.1 Hz) (1 sec) 2 constant ..... (2) 
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From equation (2) and (3) 
0.1x1 = Avx107* 
Av=10° = 1000 


8. Correct option = b 


[M 

Pie 

Pa 
AE, AE, ei 


n=splitting due to spin orbital coupling AE» — AE; 


9. Correct answer is (a). 


In AX3 A proton spectra will be a quartet (Intensity ratio 1: 3:3:1) at 


And (AvHz ) (107) > constant .. 


(3) 


Molecular Spectroscopy 


6 =4.1, 4.3, 4.5 and 4.7 ppm and X proton spectra will be a doublet (Intensity ratio 1:1) 
J=0.2 ppm 


Avx109 


Avx109 
"im 0.22 Av = 20 
100x10 


10. CORRECT OPTION (B) 


= 0.2 (v= 100MHz- 100x105 Hz) 


In Raman spectra, Stokes libes are separated by 4B cm! and have wave number value less than the 


incident radiation , but the first Stoke's line is observed at 5-6B 


So, 6B= 6*2 cm-1- 12 cm 4. 


Therefore, first Stokes line wave number = wave number of incident -12 cm-t radiation 


= (20487-12)cm1 = 20475 cm. 


11. CORRECT OPTION (A) 

0951 = Well — 2xe) 
c 2143cm'-w, — 2WeXe 
> 2143-2w,—2*14 
© wy = 217 Lem 


First overtone wave number is given by- 
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0944 = We(1 — 3x,) = 2We — 6w,x, = 2 * 2171 —6*14=4258cm 1 


12. CORRECT OPTION (D) 

J=0 to J=1 appears at 2B=3.9 cm 

Value of rotational constant B=3.9/2=1.95. 

AE= 20B-12B=8B =1.95*8 =15.6 cm 4. 

13. CORRECT OPTION (B) 

For diatomic SHO all the vibrational energy levels are equally spaced and selected rule AD=+1 only. 
14. CORRECT OPTION (C ) 

Given : we= 512 cm"! and wexe- 8cm. 


So, 512 *x.- 8 
c Xe= 8/512 
e Ge | we _ 512  512«512 _ -1 
Dissociation energy De= mm as meu oT 8192 cm 

15. Correct option (d) 

Coupling constant can be calculated as 

J = (2.38-2.35 )x100 = 0.03x400 = 12 Hz 
16. CORRECT OPTION(D) 

9, Dissociation energy D= 56875-15125 241750 cm}, 


Energy ^ 


D,E 


| Veontinum 
17. COF «ES Bos s 
S Illustration of dissociation 
GIVEN eG eae quarn due Ces 
Fundamental mode-2we(1-3x.) 

= 300(1-2*0.0025)=300(1=0.0025)=300*0.995=298.5 cm. 
First overtone -2we(1-3x.) 


= 2*300(1-3*0.0025)=600(1-0.0075)=595.5 cm. 
18. Correct option (b) 


Molecule contains two IR absorbtion lines and one, Raman line. So, molecule contains centre 
of symmetry and follow the mutual exclusion principle. Because in this type of molecule if IR 
band is present then Raman band absent. The common band or line is always zero. e.g. CO, 
type molecule. 
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19. Correct option (b) 


(P 
Ys i 


E = —uX Bo 
e h eh 

= ——X-—— x E = 
H 2mc 2m Tun HN 41 c 
H =™M™Gnln "i E = ann Bo form, 
for obt (+ 5) = — 2 duin Bo 

1 1 

for BE, (- 5) = * 5 Int Bo 
AE = gnUwBo 


20. Correct option (a) 


Centre Centre 
4.66 1.06 


Say = 4.66 — 1.06 = 3.6ppm 


Coupling constant Jax is separation between peaks of a multiplet . 
So, Jax = 4.72- 4.6 = 1.12-1.0 

= 0.12 ppm 

= 0.12 x 100 = 12 Hz 


21. CORRECT OPTION (B) 


Since rotational patition function is given by 
kyT 
1 GhcB ~ 812 Ic 


j= kpT  _ 8n?IKT 
ENIM NN s 2 
2 ch 
che( ar) 


I 


c 


Hence, 2 factors should be considered. 

i) lou 

ii) X (symmetry number) 
In the present case, H-C-C-H has the smallest p (reduced mass) also having 
0-2. 
Therefore, H-C=C-H will have lowest rotational partition function. 


22. Correct option (b) 
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F atomic mass = 19.0amu . 


H atomic mass = 1 amu 


H — F bond length 22 . 0 Å 


E 2 . mm? 2 
I-ur : feum 
2 o o o 
j= DEn ^ 0Àx2.0À Dom x2.0x2.0xA2 
20amu 2 
19x1.67x10 77 kg x4 
= pee AE x10719x 19719m2 
20 
76x1.67x10 ^7 7 
— 3g kgm? = 64x10 kgm? 


23. CORRECT OPTION (d) 
The moment of inertia of CO;. 


> [-2*2.5*1077kg*(120pm)? 
> [=2*2.5*10-27kg*(120*10-12)2 m? 
> [=5*14400*10—51 kg m? 
1=7.2*10-47 kg m2. 
24. CORRECT OPTION (C ) 
Homonucleur diatomic molecules does not have any permanent dipole moment. So, it will not slow 
rotational spectra. 
On the other hand , vibration does not make changes in the permanent dipole moment of the 
homonucleur diatomic molecules. So, it will show the vibrational spectra. But, the homonucleu diatomic 
molecules shows rotational Raman and electronic spectra and with the help of both , we can calculate the 
bond length.' 
25. CORRECT OPTION (D) 
Ffor a hetero nucleur diatomic molecule non zero component of orbit angular momentum alon the 
molecular axis, the energy levels of the vibrational rototaional spectra will be 
Evib-rot= Evib+ Erot 


zip URS SS 1) 
=BJU+1)+ (v +2) iw — XeWe (vi) 
Considering the transition from v=0 >v=1 
AJ=-1 will correspond to P branch 


JL 


AJ=0 will correspond to Q branch 
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AJ=+1 will correspond to R branch 


26. CORRECT OPTION (A) 

For a hetero nucleur diatomic molecule , the energy levels of the vibrational rotational spectra will be 

2 
Eyip-rot = BJU - 1) + (v + » We — XeWe (v + 2) (in units of m-1) 
h h 

Where, B = @rtic ` 8n?ur?c 

Where, r- bond length of the molecule . 

If the bond length of the hetero nucleur diatomic molecule is grater for upper vibrational state, the wave 
number corresponding to the P-branch lines will be 

Eyip-rot = We(1 — 2x2) — [2B + J'(B — ROUT + 1) 

Where, J’= rotational quantum number of upper vibrational state. 

B’= rotational constant of upper vibrational state. 

Gap between two successive P-branch lines is proportional to (4B-2B’) 

As bond length r increases, B' decreases and gap between successive absorption lines of branches 
increases non linearly. 
27. CORRECT OPTION (B) 

Symmetric rotor is CH3Cl 


Symmetric tops, ls=lc#la where, la#0 


The moment of inertia about the C-Cl bond axis is now not eligible because it involves the rotation of three 
comparatively massive hydrogen atoms off this axis such a molecule spinning about this axis can be imagined a 
stop and called symmetric top. 


28. CORRECT OPTION (D) 

e 
Wa YBo = sod 
w«gBy-»w«g 
Nr. 


W2 92 
W4 _ 0.4 


700MHz 5.6 
w, = 700MHz * ^ = 50MHz 


D 


0 0 g 


29. CORRECT OPTION (B) 


O0 


T 
DE 
T| 
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= -1 
Ücontinuum limit? Do” +Eex cm 


30. CORRECT OPTION (b) 


1 |k 1 
v=— |= => v« — (p-reduced mass) 


2n Nu dü 
v2 ED. EM. 
Vi H2 2u1 v2 

1 
> V = Cem 

31. CORRECT OPTION (C ) 
B = —— => B«l (where, I=moment of inertia) 

8nz?Ic I 


since, I for CCI=CF is highest. 
So, B would be the smallest for CCISCF. 


32. CORRECT OPTION (A) 


Trans -1,2-dichloroethylene dipole 
moment p.-0;microwave inactive. 


(Do'and Do” are dissociation energies). 


CS i CI 
C=C 
—, 
H H 


Cis -1,2-dichloroethylene dipole 
moment »+#0;microwave active. 


These two compounds are distinguished on the behalf of the dipole moment by microwave 


spectroscopy without any calculation. 


33. CORRECT OPTION(B) 
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n2 _ o-hv/(kpT) 
T4 


1.14 1 
pcd 037 d ; 
Since ize (given) 
1 1 hv 
Detlef - is 
"dq 7 In 2 kpT 
> T= hv 
Kpln2 
YBo 


34. Frequency (f) = 


21 


For 'H (£j) = DCH. 


21 


For OQ). ad 2 


21 
Equation 1 divided by 2 


fu _ YH | 424 27x10? 


fc Yc fc 675x107 
42.4MHzX6.75 
le = 10.6MHz 


Correct option (a) 
35. CORRECT OPTION (A) 


A 90? pulse width or pulse duration is the amount of time the pulse of energy is applied to the particular 
sample in order to flip all the spins into the XY plane. 


The approximate field width of excitation is given by the formula ,RFrieg= 1/(4*90? pulse duration in sec). 
RFtieigis the frequency associated due to the field strength 22.5*10^ *42.57 MHz=10642.5 Hz. 
Here, 42.57 MHz/T is gyromagnetic ratio for proton. Now, 1064.5 Hz-1/(A*pulse duration in sec) 
Pulse duration=1/(1064.5*4)sec=23.5*10°sec 
36. CORRECT OPTION (A) 


Under the selection rule AM 0,01. 
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J=1 


J=0 


Without With 
magnetic field magnetic field 


3 lines can be seen in the spectrum 
37 Correct option is (a) 


Chemical Shift 8 = 1759+1753+1747+1741/4 = 1750 Hz /500 MHz = 3.5 ppm. 
Coupling Constant J=1747-1741=6 Hz or difference between any two adjacent peaks 
(coupling constant is not change in Hertz). 

38 Correct option is (b) 


Given : V =x? 


V=5Kx? = x? (given ) 
zk = 1,k = 2 = force constant 


39 Correct option is (b) 


For allowed transition, Al = +1 and for Lyman Series Transition is from higher level 


40. Correct option is (d) 
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= H v 1 —  2000cm | 
Bags = dcm +. Vypgr = a , therefore (B« - and v — — H 
. BuBr — _ VHBr 
Bpgr = SC and Dune = FE 
10cm ^! i = 2000cm ! - 
Bpp, — E mS 5cm ! and Vgg, = Lg x 1410cm^! 


41. Correct option is (b) 


N20 is microwave and rotational Raman active molecule. 


42. Correct option is (d) 


200 MHz 600 MHz JJ coupling constant = 10 Hz Difference in terms of 6-value remains 
Constant. So, at 600MHz , 2ppm- 120 Hz. 


43. Correct option is (c) 


Since, due to vibrational-rotational interaction P and R lines are obtained and molecule behave 
as a diatomic vibrating rotor. 


2 
E=BJ(J+1) + (v + =) We — (v + 2) XeWe 
44 Correct option is (d) 


vp _ g(P) _ 700MHz 56 _ 700MHzx0.4 


w ` em w 04 "NI Se = 50MHz 


45Correct option (b) 


The first electronic absorption band maximum of a polar and relatively rigid aromatic molecule 
appears at 310 nm but its fluorescence maximum in acetonitrile solution appears with a large 


stokes shift at 450 nm. The reason for stokes shift increasing dipole moment of the molecule in 
the excited state. 


46. Correct option is (a) 


H2 a homo diatomic molecule will have not change in dipole moment. Thus, it will be IR inactive . But 
since H2 having polarisability in a Raman spectra. Thus, it will be Raman active. 


47. Correct option is (b) 


Only Raman active, (symmetric vibration, change in dipole moment is zero during vibration) 
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48. . Correct option is (c) 


Spherical top molecule = CH, [Perfect geometry] 
I=Ih=Ic. 

Symmetrical top molecule >CH3CI> 1,40, Ih=Ic 

49. Correct option is (c) 


AE = gBBy > hv = gBBo 


—v«g 
v 600MHz 5.6 600 

TH GH QU. E b v, = — = 150MHz 
Vc Ic Vc 1.4 4 


50 . Correct option is (a) 


To make total wave function symmetric J-levels must be antisymmetric Levels with odd J will be present while 


levels with even J will be missing. 
51. Correct option is (b) 
The symmetric top molecule is allene 


52. Correct option is (c) 


EpcitEup EncitEp 
eer SEN ae 


(1990 + 3627) (2885 + 2990) 
oS e 
2 2 


=] 


AE = SC -.129cm^! 


53. Correct option is (a) 

As bond order increases, stretching frequency increases. 
O;'- 2.5, 0; - 2,07! -1.5, O;?-1 

54. Correct option is (a) 


Given:4B-2cm ! > B = 2 cm7! 


h ES h 
— —- = 2cm >r= JL 
8n?ur?c 8702 UC 


h 
T= 
1672 UC 
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55. Correct option is (a) 


Reduced mass is given by u = (m4m5)/ (m, + m2) 


= mci .. mpmcg ` Qmg)mci 
Here , Lic, = veer € Lm LET 
mg-mci mp*tmc, (2mg)*mci 
Hpci.  (Gmulmc mgtmci Qmgy)mci 
KO 1-2 Hpci Huc 
Haci (2mg )*mci mguymci (2mg )* mci 


Vibrational frequency is given by v — = g 


Since , pci > Huer, Vpci < Duc 
` 1 
Zero point energy is given by Eg = ;hv 
Since , Vpcı € Vg; , therefore (Eo)oc < (Eo)ua 


56. Correct option is (c) 
8 i 3 CA 1 ds 
AG ya (£,41— £j.) = HEED — (v+) Xew — (oz la — DER XeW 
=w — 2xe«(v + 1) 
Given slope = -14 cm! = —2x,o and intercept 2170 em") 


7 cm^! = xw and w = 2170 cm! 


7 


X, = 
id 2170 


Therefore , dissociation energy 


L 2-0 168175 cm“! 


4Xe 4x 
2170 


Dec 19 
57. Correct option = 2 


UVg.g = 3600cm ` 


Since, p= — | E25 D 
>” — 2nc4u ^ JH 


1 


¥H(O-H) 


For O-H , v9.4 X 
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1 


And for O-D, vg. X 


4 H(0—D) 
Vo-H _ |M(o-b) _ |(16x2) (16+1) 
Therefore "` Ee = IL x LZ 
= Bost 7 B88 2 po 2799 5 222820 &2600cm 
Don ` oe V1.888 ud 


58. Separation between two adjacent lines of Microwave (Rotational) spectrum = 2B 
Therefore, 2B=4 cm'! 
Incident radiation (v) = 30000 cm” 
First stokes lines in Rotational Raman Spectrum appears at v - 6B = 30000-12 = 29988 cm’! 
59. Correct option is (c) 
De =Do +ZPE (Zero point energy) 
De =Depth of potential (equilibrium dissociation energy) 
Do = Dissociation energy 
Do = De -ZPE (hv=0.5eV) 
=4.75 eV- (0.5eV)1/2 = (4.75-0.25)eV=4.50 eV 
60 . Vibrational transition energy v=0 to v=1 and v=1 to v=2 
Abo , 1 = @e(1-2Xe) fundamental transition 
AE = Oe (1-4x-) hot band 
@e (1-2xe)=2143.1 em" 
@e (1-4x-)=2116.1 cm-' 
Equation (1) substract from equation (2) 
We (l-2xe)=2143.1 em! 
Wg (1- 4x, )x=2116.1 em" 


= z — 27 z z 
20,xe = 27.0 cm! > axe = ; cm |= 13.5cm" 


61.Correct option is (b) 
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Ey=3 =Bx3(3+1)=12B 
Ej» =Bx9(9+1)=-90B 
AE = 90B-12B=78B 
AE — 24 cm 


78B45 166 = 24cm ! 


24 " 
24, 0 — ^, B12c16o X 


B1i2¢160 = , Bi3c160 X 
C450 78 


H326169g H-13ç160 


Bizc169 _ Hiäecieo 


B13¢169 4120169 


Bizc169X H-12¢16g _ 24 | 12x16x29 
H13¢169 78 — 28x13x16 


P43c166 = = 0.29cm 1 


62. correct answer is option c. 

Statement 1: it is wrong because, potential energy (V) « q?. 

Statement 2: every option has this statement; it will definitely be correct. 

Statement 3: This statement is correct, because as reduced mass increases the vibrational frequency 
decreases. 

Statement 4: Exclude every option with (1) in it, then we get iv as wrong statement. 


63. Correct option (a) 


Binding energy is calculated by X-Ray Photoelectron spectroscopy (EELS (Electron energy loss 
spectroscopy) is the technique name). 


Quadrupole splitting is an important aspect of Mossbauer Spectroscopy, caused by unsymmetrical 
electron filling or unsymmetrical ligand nature. 


Elemental analysis is done by ESCA (Element Spectroscopy for Chemical Analysis) or EDS (both are 
same) involving X-Rays. 


And NMR gives us chemical shift values of understudy atoms. 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


Molecular Spectroscopy 


64. correct answer is (b) 


Microwave active molecules has permanent dipole moment. So in order to check that which molecules 
are microwave inactive, we should see their dipole moment. Only in case of N2 and C2H2 we have zero 
dipole moment. And to check IR activity, the molecule should have a possibility of induced dipole 
moment in one of its vibrational modes. 


One might see this in both N2 and C2H2 but the experimental fact is gases like N2 and O» does not 
absorbs IR radiation. Hence they are inactive in IR spectroscopy. 


65. Correct option (b) 

For, Stokes line v = Vey — Del — 2x2) 
=> v= 20000 — 1600(1 — 2x0.01) 
> v= 18432 


18412cm' 4,18452cm' 


18420cm' 184320m' 1844 4e m 
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UANTA 12 


Quantum Chemistry 


Hints & Solutions 
1. CORRECT ANSWER (C) 


The normalized wave function for 15 orbital of H-atom is given by 


MEME X 
Yis —7—7| — | € " and E, 5-0.5 atomic units 


Vn \ ag 


M(g) 1 (1.24) 1, l 
i = = =—*] 5625 =-—*1.6 24058 
SE (s Sue IE vH 2 


So, - 0.8 < - 0.5 
2. CORRECTANSWER (C ) 


Ais a constant of motion (i.e, does not change with time), if 


^ 


<A> A eoo 
dt ih ot 


A 


If Á is time independent (ie, Se — 0, then for A to be constant of motion, 
ot 


1 


m < |^. n >= 0 =>< M, n — then also we can say that A is a constant of motion 
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2. CORRECT ANSWER (B) 
A is a constant of motion (i.e does not change with time) ,if 


d 1 ^ n aA 
(shea, E HO 

ie Me A . oA A s 
If A is time independent (ie, = 0 „then for A to be constant of motion , 


= < [A ,H | >=0=>< [A, H = 0, then also we can say that A is a constant of motion. 


3. CORRECT OPTION (A) 
Hermitian conjugate or adjoint of an operator A is written as At, and is defined as 


4. CORRECT OPTION (A) 
Second order perturbation for the n" state is given by 
[«v8,|u'|w2»] 7 


2 
En ch eto 
Therefore the perturbation for the ground state ,(ie ,n-0) 
[<a re> [<2] re>] 


E)^2- 
— 0 0 0 0 
EH EI EH E 


2 2 2 2 
B (Vio) + M20) — 2 Qe -2 + (—4) = —6. 


E-E? E-E? 0-2 0-4 


5. CORECT OPTION (A) 


mE v,(3M0) 
+A. vav, (NBMO) 


Delocalisation energy =[2(a+2B)+2a]-4(]-4(]-4(a+B)=0. 


; " (BMO) 


6. CORRECT OPTION (B) 


Given: Tunneling probability, Tee" Fuel 
1 


2mE 


Where, k — (=) and length barrier =L 
If mass is halved, (m’=m/2), then 
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7. CORRECT OPTION (C ) 
If A'-A, then Hermitian operator 


A‘'=-A, then anti hermitian operator. 
: d 
Given: A = — +x 
dx 
> As Ltr 
dr 


a\t d : a\t d 
> At= (- =) + (x)t = DP [since, (=) =—— and (x)t =x 


= So, A is neither hermitian nor anti hermitian 


ow = ees) Ce] = Ce) Cha) =a 


Therefore, AA’ is hermitian. Clearly it can be shown that AA" is also hermitian. 


8. CORRECT OPTION (C ) 
From Pauli's Exclusion Principle, * when the labels of any two identical fermions are exchanged 
, the total wavefunction changes sign." 
As electrons are Fermions, so, 


P(12)-2 ¥ (2,1) sald) 

here, V(12)-2 9(1,2)0(1,2) 

and, V(2,1) = 9$(2,1)o (2,1) (given — 9(1,2)29(2,1)] 
so, far condiiton (1), to be satisfied we must have 
6(1,2)7-0(2,1) sicul) 


the above condition satisfies only when 
2(1,2) = a(1)8(2) - a(2)B(1) 
So, 0(2,1) = a(2)8(1) — a(1)8(2) = —o(1,2) 


9. Correct answer (b) 
Given for any H-orbital 


Radial function has form r“ exp[fr] and o-part has form exp[-3i$ ]. From the solution of 


Schrodinger equation for H-atom. We get $ part = = et"? | where m is integer = 0, 1, 2, 3, ...... 
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(Here m can be +ve or-ve integer including zero). From given -part, m can be either +3 or-3. 


for n » 4(let n — 5) 
Option (a) incorrect, l >3(letl = 5) {which is not possible} 
m=3 


Option (b) correct, for n = 4, 1=3, m=-3 (Can be possible solution ) 
Option (c) incorrect, for n=4, 1>3 (let 4), m=3 
Option (d) — incorrect, for n>4, l= 3, m=-3 


for n>4, I can be upto 4. (So not possible) 


10. CORRECT OPTION (b) 
A‘=A (Hermitian) and A'—-A(Not hermitian) 
For option (A) 


hat A d ad : a AT d 
— ——[——)—-— it = —i — L——— 
C Z) -i ( 5) i dx tsince, i i, and (<) dx j 


It is hermitian. 


Foi (i) = 0" II "co CC) 


So, it is not hermitian. 
: DEEM d'V (aM d d a? 
For option 9, (72) = (2) (2) kt Et El 
It is hermitian. 
For option (d), x? = (Qt DI = x.x = x? . so, it is hermitian. 


11. CORRECT OPTION (D) 
For 1-D box, the energy is 


HE 
E, = € (where, I= length of the box) 
n?n? 
> En = See? (L=2a) 
22h? 4h? 
So, E; = 32ma?  32ma2 
32h? 9n? 
And E; — 32ma?  32ma? 
5h? 
AE — E3 — E, Se 32ma? D 
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12. CORRECT OPTION (B) 


13. 


14. 


15. 


For H-atom , virial theorem, 


(1) V=2E 

(ii) | V-—2T 

(iii) =-E 
Where, E=total energy,V=potential energy, T=kinetic enerny. 
So, <V>=-2<T> . 

CORRECT OPTION (A) 


Number of radial nodes- n-l-1 

For s- function 1-0. 

Therefore, number of nodes=n-0-1=n-1 

Every function either s,p,d or f have non zero at the origin. 


CORRECT OPTION(C ) 

According to the Variational Principle, if any arbitrary wave function is used to calculate the 
energy , the value calculated is never less than the true energy. 

So, energy calculated by using the trial wave functions and applying perturbation will always be 
greater than or equal to the true energy. 

So, (EQ + Ed) = Eg 


CORRECT OPTION (c ) 

According to the Pauli's Exclusion Principle the wave function of fermions (here electrons) must 
be anti symmetric.(1.e., #(1,2)=-¥(2,1)). 

For the triplet state, spin function can be written as 


a(1)a(2)or B(1)8 or [a(1)8(2) +DL] 


Which are symmetric in nature. As Must pace spin, SO, for Prota to be antisymmetrical wrt electron 


exchange, ‘space must be antisymmetric because for the triplet state Yspin is symmetric, so, 
YP space=Oo( 1 )o«(2)-o«( 1 )o,(2) . 


16. 


CORRECT OPTION (D) 

(A-A‘) is not hermitian in nature. 

Because for being hermitian an operator should fulfill the condition that (OP)'-(OP) 
(A-A'J2AT-A —-(A-AP. 

So, it is anti hermitian in nature. 
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17. CORRECT OPTION (D) 
As we know that , the energy of hydrogen like atom with nucleur charge ‘z’ the enrgy of orbital 
with the principal quantum number (n) is 


13.62? za 
RS => ERX -> 
n n 


2 2 


18. CORRECT OTPION (B) 
The average value of radius <r> in the is stat eof hydrogen atom is 


HS | 1 a 
e >= | imas = | =f e % 4nr?dr 
° T a2 Ta? 
° ay A 30 _ 240 3 
=— | rie %dr = ——— = —— =-a 
ae Jo as EE 16 2^? 
ao 


19. CORRECT OPTION (B) 


Probability P= f U*V de 


p nux nx 
> fie di "au dr 


nux 
> 2 f sin? — dx Tu 
4 
3l 


c SC sin2ax dx => £ 12 


[1-cos2ax] 
2 


dx 


3l 
> 5 i 1dx - f,* cos 2ax ” 
4 


4 
3l 3l 
1 Je ES 
i ae 2 = pH | 
4 


: NP tie? wc 
äise ei 

> pi-i (až) 

EES 

rel 
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H 


* 


1 
l 
1 l 1 1 
-— = *—=-+- 
l 2 l nt 2 T 


H 


Probability =} + i 
2 T 


20. CORECT OPTION ( C) 


h2 


Particle in a 3D cubic box of length L has energy übt 


E. 
The degeneracy may be calculated by taking the energy formula for3D cubic box into 
nitn$tn2 — 14h? 
8m? — 8m? 
So, nZ + n5 + nå = 14. 
nx, Dy,n; combination may be (1,2,3)(1,3,2)(2,1,3)(3,1,2)(3,2,1) 


consideration: 


n? ' 
At the energy level as ,there is 6 energy states, so, degeneracy=6. 


2 


21. CORRECT OPTION (B) 
Energy correction for second order energy 


ER b < Pm|1Pn > 


0  p0 
men En "Be 
Generally, E, «E, 
So, second order correction to energy is negative. 
So, statement (a) and (b) is true. 
22. CORRECT OPTION (C ) 
H2C=CH2 H 
H pA TM 
cl Q6 
The secular determ. . O, Kb Mo 
a-E | B 


Dividing each element of the aboe determinant by B and then setting (a-E)/B =x. we get, 
ip 
h M x 
Which on expanding gives, 
x?-1=0 
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The two roots of the above equation ,x=1 and x=-1 
Thus, a-E/B =-1 or (a-E)/B=1 


Which gives : E+= a+ and E=a-f 


23. 


24. 


25. 


26. 


27. 


CORRECT OPTION (D) 
For the molecule H» in the excited state Og Os”. The spin part of triplet state with ms , is 
proportion to, 


a(1)a(2) m, = kl 
The three triplet states 4 [a(1)8(2) + 8(1)a4(2)] m,20 
B(1)B 2) m, e -1 


So, the triplet state with m, =0 is = [a(1)B (2) + 8(1)a(2)] 


CORRECT OPTION (C ) 
The eigen values of an anti hermitian operator are either purely imaginary or equal to zero. If A 
and B are non commuting hermitian operator. So, all Eigen values are purely imaginary or zero. 


COORECT OPTION (D) 
The value of [x, pz] = nihpz 
^ [x, pt] = 2ihp, 


CORECT OPTION (C ) 

Combining the two real wave function o; and @2 constructed functions (@1+@2) and 1(@1+@2) 
represent the same state because if these two functions multiplied by any constant , no effect on 
the state and on the energy because multiply only in the eigen value , no effect on the energy and 
no effect on the wave function. If we use any eigen function which gives eigen value, if multiply 
by any constant no change in the eigen function and no change in the energy of the state. Energy 
is same,so, state is same only change in eigen value. 


CORRECT OPTION (A) 
Ay, —ES4 Hj; — ESy2 
Hj; —ES; H22 — ES22 
Hy, =< 9 lH lp, > = 0; H2, = Hi; =< Gi lH lp > =< p2|Hlp; > = 2.0 
H5? =< p2|H |o; >= 3.0 


Ge pden 


Au = 1; S22 = 1; S12 = S21 = 0 
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E? -3bE - 4-0 

E? 4E -E— 4-0 
E(E—4) - 1(E—-4) 20 
(E—4)(E RER 

E=4 or -1. 

Ground state is lower energy =-1. 


DEELER 


28. CORRECT OPTION (D) 
Polar molecule AB 2 A'B' has the form CAU, + C9 Us 
Ci + CZ = 1 for normalization. 
Probability o atom B find the electron =90% 
Cp’=90%=0.9 —Cp^-0.9 
Cs^=0.9 and C4^-0.1 
Cg = V0.9 = 0.95 ; C, = V0.1 = 0.32 


29. Correct answer is (c) 
For harmonic oscillator, the ground stationary state wave function is , 
given : Wo = exp[-Ax?] 
Compare equation (1) and (2) , we get 


A-fcfcu [p= 5" 
mE 94 > A= WE S [A oc k?] 


30. Correct answer is (a) 
The energy of a harmonic oscillator in its ground state is 1/2hw 
According to Virial Theorem for SHO 
Every contribution is equal for kinetic energy operator and potential energy operator. 
E=K+V 
E=K+K. (K=V) 
E-2K.  (E-ho) 
ne =k 


Energy only possible if k A7 


E and V= “energy contribution is equal for K and V. 


31. Correct answer is (c) 


Energy of a hydrogen in a state is — ^£ Lie 
gy ydroge a state is — 67 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


Quantum Chemistry 


32. 


Degeneracy gn = n?. (for hydrogen atom) 
-hcRg 

25 
Compare with equation (1), n? = 25 
Degeneracy = 25 


If spin include = 2n? Given: 


Correct answer is (a) 


In many electron atom, there is strong electron-election i.e. inter-electron repulsion. Due to 


inter electron repulsion, the orbital angular momentum (I; , I2) as well as spin angular momenta (s1, 
s2) are coupled together to give total orbital angular momentum (L) and spin (S). 


33. 


34. 


35. 


CORRCET ANSWER (D) 
n=2 > n=1 

n?h? 
energy of 1-D box, En = ae 


2?n? 12h? 
— 
8mi? 8mi? 


3h? ME = 
So, AE = cum 6 unit(given) => 
n-3n-2 (difference) 


2h2 2h2 h2 
` i —»4E-5x 


— 3 
> 8m? 8ml? 8ml? 


AE=5x2=10 unit. 


n? 6 . 
= - = 2units 
8ml2 3 


for 


CORRECT ANSWER (c) 

1 3 
Y= fr +Ë» A) 
Uy = cY + c; T. xa) 


From the equation (1) and (2) , we get, 


pe Í and c, = i (since probability) 


Probability corresponding E; equal to ci? , 


T T EX 
Cu = 2700-91 


CORRECT ANSWER (B) 
As we know for the particle in 1-D box 


E - n?n? 
n 8mI2 


Variational principle says, 


Eapprox > Eactual 


(1) 
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37. 


38. 


2 pLX 
m 


Quantum Chemistry 


Papprox =x E — x) (l— x) 


ean SR 2) boundary condition 


atx=l, V=0 
l ; ' 
Also, at x — S y = 0} node means given wave function represent n = 2 ,one node 
n?h? 
So, Eapprox > smi 


E h LSE 22h? 
approx > 2ml2 => approx > ami? ` 


CORRECT OPTION (C ) 

In r? (æ — r)(a; — r)e P" , 

Where, (a, — r) = represent one radial node i.e., a1=r 
(æ> — r) = represent one radial node i.e., a2=r 

i.e., 2 total nodes. 

We know that , radial node =n-l-1=2 

For option (c), n=5,1=2 

Radial node =5-2-1=2 


CORRECT OPTION (C ) 

Operator |x, [x, p?]] 

[5 2ihp| 22th ; [x p^] = 2iħp ibecause x p?] = nihp2 

> - [plx?,p]| >- [p,2ihx] > — 2ih[p,x] > — 2ih(—ih) = 280? 


CORRECT OPTION (C ) 
fv < x? > Y*dt 


L |2 . nux 3 |2 mx 

f, |Esin— x? /=sin— dx 
o di l l l 

2 rL . 2 NTX 

£f x? sin? — 

L-0 l 


2NTX 


3 (1-cos ) d 


L 
2 


27 -Lx3 1 pL 2nnx 
c =| dx —- x? cos dx | 
fo 7 dx- zh 


L 
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39. CORRECT OPTION (C) 
1 2 


4 3 

Hii E ES Hi; n ES, His ~ ES45 Hi4 ~ ES, 
H21 = ES21 H22 ~ ES; H23 = E S23 H24 Sp ES24 
H31 E ES3, H32 ~ ES32 Haa n E533 H34 > ES34 

H41 ~ ES44 H42 ~ ES42 Haa ~ ES43 H44 ~ ES44 


Ay, = H5 = H33 = H. =a (COULUMB INTEGRAL) 
H: = H3 = Hi4 = Hj = H33 = H32 = H34 = H. = P (EXCHANGE INTEGRAL) 


Hj; = H31 = H24 = H42 = 0 


S11 = S22 = $33 = S44 = 1 
Tis 22 ~ 933 ~ 944 (OVERLAP INTEGRAL) 


$12 = S21 = S32 = S13 .=0 


a—E p 0 p 
P a—E p 0 
0 P a-E B 
B 0 B a—E 


40. CORRECT OPTION (D) 
In molecular orbital treatment of H2 , two electrons with opposite spins are assigned to the lowest 
molecular orbital V... Thus , the spatial wave function of H» is 


1 
Vspatiat = V4(1)9,(2) = zass aseo (0D + Uso) 00) (Pis (2) + Viso 2)) 


Opening out the above expression, we get, 
1 
V spatial = a45 [Pisay 0 V4, (2) + Visi) (Yisa (2) + isap (1715,02) + 


Yisa (1) + Yis (2) 

In the above expression, the various terms represent structures as described below: 

First and fourth terms: the terms are Y1s(4,)(1)¥1s(H4) (2) and Yis) (1) + Yis) (2) . These 
configurations assign both the electrons either to atom Haor Hy and hence they represent ionic structures. 
Second and third terms: the terms are V1,(5 )(1)V4,(4,) (2) and Yisa (1) 1,(4,) (2) . These 
configurations assign one electron to each of the atom and hence they represent covalent structures. 
Since, the coefficients of all the terms are identical; it follows MO treatment gives equal weightage to the 
ionic and covalent structures. It is expected that the MO function will be poor at large internucleur 
separations since the dissociation products will be an equal mixture of ions and distances one expects that 
there will also be some chance of finding both electrons in the same atomic orbitals. Thus, MO treatment 
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does take into account this fact, but perhaps gives more weightage to this fact than what actually exists in 
the molecule. 


41. CORRECT OPTION (B) 
For radial nodes —n-l-1=5-2-1=2 
Angular nodes-1-2 


42. CORRECT OPTION (C ) 
1 1 
VG, y) = kx? + Zb? = V(x) +V) 


R om SES S +5) V (x,y) + (VG) +VQ))¥ (x,y) = EY (x,y) 


dx? 


h2 oo? 
Py) = POPO) => -rga YO + Visit Di = EPC, y) 

h2 wood Zi V (x ee 
MEET TEWO) i ra + (VG) + VOY, y) = EY Gs y)) 


-> ba (x) + —— os LI “ W(y) +VQ)\VQ)¥ (x, y) = EV (x, ») 


Po! E Lo guy 
Er x IN 2m V(y) 8y? 


Since, E = KE + PES ae Xy Vosa uy V 
ince, E = KE + PE = 7 +>" + V(x) + (y) = (+24 (x) + Gol 
P? " P? " 
= ELevoo| [2 vo) 


“E=ExtEy. 


43. CORRECT OPTION (A) 


av av 
V(x, y,z) =< xZ +y tim» wl) 

1 
V(x) = kx? VO) = Skyy? H V(z) 2; kzz’ 
IV gp T NE av kyy , ON o V haz _ 
eo 3 = ES xL 2 =kyyi ga" 2 = kzz 


Put these in equation (1) 

< xky + yky + zk; > = 2T 

< k,x* + kyy? +k a? >= 2T 
2<V>=2<T>=><V>=<T> 


44. CORRECT OPTION (D) 
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Particle in a box Hamiltonian as zeroth order Hamiltonian and potential v; from a/2 to a. 


c» fh V, sin HS dy 
2 
> oW Lu sin? mm dx 
al a/2 2 = 
> ERIS 1dx — fer cos del 
2 1 a a8 2nmnx 
ii a pas 2nn a || 
2..1 a a ; ] 
Si d - la me [sin Zum — sin nz] 


4 0 2 0 
Ee 
3 
a 
& 
n 
5 
3 
3 
| 
=) 
M 
5 
N 
3 
3 
| 
o 


"i-i 


+4 = (perturbed port? 


= 8na? 


45. CORRECT OPTION (B) 


ocu 
y = ze ao 
Va? 


P(r)dr = J. W,.¥i,dt [dt = 4nr?] 
ze 40 i ge "Amr? dr 


is 
vrag vrag 
P(r)dr = 4nr?|W4,|?dr 


P(r)dr 


2r 
= 211 ae 
P(r)dr = Aar SH e ?o dr 


dP(r) 


Most probable distance , =0 
2r 
c» aP(r) = 4a (rte) =0 


dr ao dr 


ao 
2r 


4 2r 2r 2r 
> ZE 4% e “eer | =0 
ao 
£ 2rew|-—- +41] =0 
ao 


v y 0 g 
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46. CORRECT OPTION (B) 

L = Lyit Lyf + Lek 
Since, L=mvr >P 
Andr = xt + yf+zk;P = pî + Pyf + pzk 
L=?XP 

if k 

x y z |= (yp, —zpy) — j&xpz — pxz) + k(xpy — vxy) 
Px Py Pz 
L = Lá Lyf + Lzk = i(ypz — zpy) — jGxpz — pxz) + k(xpy — vxy) 
Ly — t(ypz — zpy) ; Ly —(xpz — pxZ) ; Lz = (xpy — pxy) 

ud 
Px = -ih 4 (pz = =i 
y 


ing) Cni) en e e] n Fin] tend] 
yo ey dx ia) me dz m 23x az TUE 23x E b ode ^de 


47. CORRECT OPTION ( C) 


1+ 


Huckel determinant 


Ci Cyn Cu QE B B 
Lou Co; Co3| = p a-E Bp |=0 
C31 C32 C33 P B a-E 
LET x =“ zT) 
B 
x 11 
uu x 1| IL 1 x| _ 
1x EE Elek Ke Zeg EE 
1x1 
> x(x?—-1)-1(x-1)-1-x)-20 
> x*-x-x-t-i1-1-x-0 
> x?—3x42-20 
> (x+2)(x-1)? =0 
> (x-2)x-1)x-1)20 
> x= —2,1,1 
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For x—-2, so from eq. (1) 
ap ee => E=a+t+ 26 


For x=1,so from eq(1): r3 =1=>E=a-8 


Single electron excitation in 
cyclopropenium cation 
a-B 


FN 
: Iren 
SN NI a+2B 


oh 


at+2B a 2p 


AE = (a - 28) - (a - B) = 3B . 


48. CORRECT OPTION(C ) 


[To p; ]v 
hn? 9? a 
> E-n 
2m 0x?' ih Ox T 
o M P aw inn? a a av 
2m 0x? Ox 2m Ox 0x Ox 
5 ^iho?w —in?no?w 
2m 0x3 2m 0x3 
= nih ary h?ino?w -0 
2m dx3 2m 0x3 


49. CORRECT OPTION(A) 
For cubic box 


h? 2 2 2 ee 
Energy = E = me (ny +tny+nz) ..(1) 12h? g=1 
For cubic box lowest energy 8ml? 
3h? 
E(lowest) = m 
. : 3n? 6h? 
= 2 (3,1,1),(1,1,3),(1,3,1) 
If energy is twice, E = 2 * EE LI ...(2) s SS 
From eq.(1) and (2),we get, mE 
ni +n +n? =6 
It follows if (2,2,1),(2,1,2),(1,2,2 
nx = 1, ny =1,n, = 2 9h? g-3 
Or Ny = 2,ny = 1,n, =1 8ml2 
Or, ny = 1,ny = 2,n,=1 6h? (1,1,2),(1,2,1),(2,1,1) 
S , PERPE g-3 
So, it gives 3 degenerate levels (g=3). 8ml? 
3? g=1 
8ml? 
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50. CORRECT OPTION (B) 
When the variational terms are increased the energy come closer to the ground state energy. So, the 
energy of two even function x(x-a) and x'(x-a)? correspond to the energy E» come closer to Eo because the 
system are very complicated and not solve easily. 


5]. CORRECT OPTION (A) 
For the hydrogen atom, 
Virial Theorem :2<T>=-<V>. 
2 < kinetic energy > = — < potential enrgy > 
Ground state energy = —13.6eV 
Since, 2 « kinetic energy > = — < potential enrgy > 
«Potential energy>=-2*13.6= -27.2 
«Kinetic energy>= 13.6 


52. CORRECT ANSWER(B) 

c? +c? 4200521 

(0.8)? + (0.4)? +2 *0.4*0.8*s=1 
0.64 + 0.16 + 0.64s = 1 
0.64s = 1 — 0.80 


0.64s = 0.20 


s = 22 = 0.31 
0.64 


JL DA D 


53. Correct answer is (c) 


The formula for ionisation energy is 


: "e i 
LE- a [z= atomic number, n = shell number] 


This is for one electron 'H' atom like system 
Hence, for Li ^ = 1s1 (one electron system) 


LE.- as 13.6 x 9. For 'H' atom, LE. = LE.= Den =13.6 =x 
Therefore, LE. of Li = 9x 


54. Correct answer is (c) 
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In simple Hückel molecular orbital theory only distinguishes between cis-butadiene and 
cyclobutadiene on the bases of energy correction. In cyclobutadiene delocalization energy is zero 
and cis butadiene is 0.47286 


55. Correct answer is (a) 


1/2 p+00 
D [ weme-C) 


1/2 


+00 i 
af xe P* dx 


n is odd. So, total integration is zero. 


+00 
Í sief dy 2 0 ifn=odd 


+00 
Í x2e PX dy +0 ifn = even 


56. Correct answer is (d) 
According to the pauli exclusion principle the wavefunction of fermions (here electrons) must be 
antisymmetric (De, Y(1,2)= - vy (2,1)). 

For a triplet state, spin wavefunctions can be a a(1)a(2) or P(1) B (2) or [a (1) B (2) + B (1)a(2)] which 
are symmetric in nature. AS Urota; = Wspin + Wspace SO, for Protar to be antisymmetrical w.r.t. 
electron exchange, Yspace , the spatial part of wavefunction is symmetrical so the spin part will be 


antisymmetric = [a (1) B 2) - B (1)a(2)] 


57. CORRECT OPTION (B) 


58. 


Length =L 
Ax-L 
Ap(min) =<p>!? 
h 
Ax. Ap, = pm 
h h 
L.Ap, = in => Ap, = dab 
2 

8 p» 8 ER 8 h2 h2 n2 

^ 2m 2m 16m??2m  32n?D2m  8mL? 
CORRECT OPTION (B) 
The angukar momentum operator, L; — —ih 2 has eigen function of the form exp[im@], where ‘m’ is the 


magnetic quantum number. 


Comparing this with the eigen function given in the question ,we get 


A=m 


The value of m will be from -1 to +1. 


Since, | will be a positive integer i.e., 0,1,2,3,... 


Therefore, m = 0,+1, £2, ... 
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CORRECT OPTION (D) 
2 nx 2 nnx 
J 5 sin? 6 (x - 5) 7 sin—— dx 


Dirac delta condition: 6 (x — =) —-0x- = 
The value of x>L/2 between 0>L 
So, direct put the value of x=L/2 in the wave function and n=1, no integration. 


CORRECT OPTION (A) 

S4 = Sy EIS ; S- = Sy — iSy 

[Sz S+] = [Sz Sx + iSy] = [Sz Sx] + i[S:, Sy] 

= iħSy + i(-ihSy) = ihS, — i?S,h = ihSy  hS, = h|is, + S,] = hs, 


CORRECT OPTION (B) 

Since for transition probability we habve, T = e~284 
2/2m(Vo-E) [2m(V; E) 

T=e h j where p = CH 


Transmission probability is maximum if L=minimum and V= minimum. 


62. 


63. 


CORRECT OPTION (C ) 


Ground state wave function : Noe " 


First excited state wave function :N4(2 — eee 

The variational wave function N-O — o)e ? will be good approximation for the first excited state wave 
function. Since, the energy calculated from the varistional wave function will be greater than or equal to 
that of exact energy. 

Therefore, E > E, . 


CORRECT OPTION (A) 
Ionic part of the ground state valence bond wave function of Hz molecule if 
1sga1sgf 4 Jemen, 1s,als B 

a a B Js b b 


Atomic spin of Hydrogen atom a and b 
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Ionic part ` 1saa(1)1saß (2) — 1s,a(2)1s4 8 (1) 
1s,a(1) 1s4 8 (1) 
1sga(2) 1s gB(2) 


Covalent part: 1sga(1)1s,8 (2) — 1sga(2)1s,6 (1) 
1sga(1) 1s5 8 (1) 
1sga(2) 15,B(2) 


64. CORRECT OPTION (C ) 
HY, = EAR, 
HV, = (En + Vo) Yn 
In presence of extra potential function will remain same but correction term will be introduced into it in 
accordance with the perturbation theory. 


65. CORRECT OPTION (B) 
HCl is a ionic compound in valency bond theory. 
HCI H (1s) +Cl (3p) 
V = Vy4(1s. 1) Vc (3pz.2) + Vc, (3pz. 1) 4 (1s. 2) 


66. CORRECT OTPION (C ) 
In quantum mechanics, a Slater determinant is an expression that describes the wave function of a 
multifermionic system that satisfies anti symmetry requirements and consequently, the Pauli's principle 
by changing sign upon exchange of two electrons. Slater determinant is a means of ensuring the ant 
symmetry of a wave function through the use of matrices. A Slater determinant always corresponds to a 
particular spin state is not true. 


67. CORRECT OPTION (B) 


n?n? 


8ml? 


Energy in 1-D box= 


. 4h? 
E, (first excited sttae energy ;n = 2) = AT 


h? 
E4(ground state energy ;n 2 1) = mer 
3n? 
AE = E- E — 2M 
(ng+nj )h? 
8mi? 


E,(1st excited state; (2,1)(1,2)) = 


2n? 
8ml2 

3n? 
gml2 


Energy in 2-Dbox , 


5h? 
8ml? 


E4(ground state; (1,1)) = 


Difference,AE = E; — E, = 
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E, = (first excited energy ; (2,1,1)(1,2,1)(1,1,2)) = 


3-D box energy = 


Quantum Chemistry 


(ng+nj+nz)h? 
8ml? 
(4414+1)h? — en? 


8ml? ` 8ml? 
3h 
E, = (ground state enrgy; (1,1,1)) = m 
= 3h? 
4AE = E; - E1 = Vu 
68. CORRECT OPTION(C ) 
One dimensional simple harmonic oscillator 
1 2 
(By. -= 
Poo DI e" 
1 1 


69. 


<x>= Se "sax = E (B e BS 2 x (B e EX gx 
1 
SE 
= (É) | x e BX dx 
T —oo 
In the above equation , n=1 (if n=odd, integral value =0) 
Therefore , the value =0 


<p, >= Wen, Wdx = [7 3 e 8x2 (-in2) Gy e PX dx 
1 
BY 


= (=) caf" ehh en fg 


= (=) kaft SE (- E) esena 


1 
+00 


= (-B) CT (- ih) Ré e Bx" dy => | x e BX" dx =0,if n = odd 


— O00 


1 
=p) (EY Cin)-o=0 


hence, € py >= 0. 


CORRECT OPTION (D) 
|x, [x, pxl] =? ...(1) 
PE oO 
[x, px]U = xp, UV — p,x =x (-in 2) y — (-in 2) xU 
= -ihx = + in + w| = xih + ix T + in = in 
Ox Ox 
From eq.(1) 
[xA] P= xihP-1Ax P=xin Y- xit P=0. 


70. Correct option (c) 
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Ifn = 0, then function becomes unacceptable . 


71. CORRECT OPTION (D) 


72. CORRECT OPTION (A) 


: 3n? 9n? 
Given, energy =3* E0 =3 * = 
8y 9 8ml? 8ml? 


Therefore, degeneracy =3. (300,030,003) 


73. CORRECT OPTION (A) 
V = c 2s + c2¥ 2p, is normalized. 


1 1 
so, c? + c? = 1 and le, = zlel => 


74. CORRECT OPTION (C) 
The second order correction to n™ state 


(2) Èmenl< Ymlvl Pn >|? 
pO sameno m nr 


En — Em 
, ei. I< v;|v|v, >l? 
(031 0 Ey By 


75. CORRECT OTPION (B) 
In radial part of wave function highest power of r denotes the value of 1. 
Here, 1-1, and radial node=1 > 3p. 


76. CORRECT OPTION (B) 
Q = c4V, + coh, 


2 2 ci 3 7 
therefore,ct +c% =1 and Lg E 


=> (ce? + of =1) «> 


2 8 7 

—— = (1) 
2 2 6 
EA =: OI 


On solving equation (1) and (2), we get, 
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Quantum Chemistry 


. CORRECT OPTION (d) 
If À and B commute ie, [A, B] — 0, then they have same set of eigen functions. 
a p Ah? 0? 5 1, 9 
Here, T = — = — —-— ; V = -kx 
2m 2m dx? 2 
H=T+V 
So, [E, T] #0 and [A,V] #0 
[T,V] #0. 
CORRECT OPTION (A) 
GAR 8m|4a? a?| 8m| 4a? 


now, for first excited state,n, = 2,ny = 1. 
h? [4+4 n? (2 

So, E=— = = — (2) 
8m L4a sm Na 

Also, for the first excited state, ny = 1, ny — 2. 


pa h? [nit4nj] m [e Ue X k ES 
^ 8m 4a? ~ 8ml 8m | 8m4a? 8m\ oi 
D n? (2 
so,minimum energy — ~ (2) ;g=1. 
(3,2),(2,3) 
13h? 
8ml2 


g=1 
(1,3),(3,1) 
10h? 8-3 
8ml? 
(2,2) 
8h? 


g-3 
8ml? 
5h? (1,2),(2,1) 

ETT -3 

8ml? S 
m DA 

g-i 
SN 


Fig: Degeneracy in 2-D box. 
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79. 
80. 


8l. 


82. 


83. 


CORRECT OPTION (d) 
CORRECT OPTION (D) 
For any bound state, particle has equal and opposite value of momentum. 


CORRECT OPTION (D) 
AIV, = Al¥, > and Hl: 2 b|V; > ; < Y,|H =B < V,| 
a = eigen value. 
< Y lA = A|}; »*-a|v; >t=a*< V,| (since, à-REAL) 
Now, < ¥,|[A, H]]|U, > =< V4,]AH — HAJV, > = < V4,]AHIV, > —« V4|H|aV, > 
= a[< ¥,|H|I¥, > —< ¥,|H|¥, >] =0 
Similarly, 


CORRECT OPTION (C) 
2s and 2p, orbitals are eigen functions of L? & Lz 
Lz2s=Lz 200 = OW200 

Lz 2pz = Lz W210 = 0210 

L’2s = L200 = 0200 

L2p,7 P Wo10 = 2h^y»1o 


Käre Una [2 sin 0 cos dh 

L’2py = L’Ra È sin 0 sin $ 

L’2py = LRzi È sind cosġ Not eigen function. 
will change cos $ to sin $ 


: a 
Since, Lz > F 


L’2py = LiRzi È sin 0 sin $ 


Therefore , not eigen functions . 
— 7142 3 gi 
= 2h^*R»i > sin 0 cos dh 


3 
= 2h Rs "m sin 0 sin $ 


CORRECT OPTION (D) 
2 
LE (He) 213.65 - 13.6x4 
n 
KE+PE=-544eV 2 2 — (i) 
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From virial theorem, 

ER (V) 

2(Kinetic energy ) = - (potential energy) 
Also, K.E = -> P.E 

Therefore , from (i), — SP. E.+P.E = —544 


= = -54.4 and P.E = -108.8 eV 


84. CORRECT OPTION (C) 


ld eg E 
Is ES ais 


O 


85. Correct option (c) 


For normalized wave function , c? + c + cf = 1 


1 1 1 
EE ER 


86. Correct option (c) 

2 2 
E= -13.6% = -13.6 5--1362n-5 
orbital degeneracy= n^ = 25 


87 Correct option (c) 
y = Âg is normalized 
f (à) (&o)dx = 1 
J At gt(Ag)dt=1 > f $'ódv- 1 


Therefore $ will be normalised if ÂA = 1 
— Ais unitary 


88 . Correct option (b) 
According to perturbation theory ‘the energy of perturbed system is equal or greater 
than the standard system 


89. Correct option (b) 
[log (1) e, (2) - 195 (2)o,(1)]. 
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(Wisc) A) + isap) Wisc.) 2) — der 
It, on. + isap) ] [Oris CD — Wisc, 2] 
2[G050, (2) — Wise CD — Duer. CD 7 Vase C22] 


90. CORRECT OPTION (a) 
The probability of finding the particle lies between x to x+dx is given by 


p(x)dx = (W(x)) dx 
X=4,dx=6. 


P. = |W |?dx = f ( 2 sin DT SEH dx 


. Latz 
sin? (927) «6 


91. CORRECT OPTION (C ) 


d ; j . . 
at = e" , therefore , eigen function 


d? i ER , : 
—e'* = i?e" , therefore, eigen function. 


92. Correct option (b) 


es Ta 
mot yt wok x 
a b a b 
Og 


o 


De 


He = 1s? ;He'- 1s! 
Hy :r— o =1s,(r) + 1sb (r) 
He':r2 0 = Is e(r) 


93.CORRECT OPTION (C ) 


From the radial part (6r — le? 

Minimum power of r! = 1 

So, l= 1. 

Corresponding to I=1, possible angular part of eigen state is cos 
For cos, 151. 


94.CORRECT OPTION (B) 
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Uug g 


95: 


96. 


97. 


98. 


99, 


Quantum Chemistry 


H11 — ES11 H12- ES12 
H21 — ES21 H22 — ES22 
O-E 2. d d 

2.5 12- E 

-E(12-E)-6.25=0 

-I2E*E/-6.25-0 

E^-12E-6.25-0 

The root of this equation is E=-0.50 
Therefore, E--0.50 


[ss 


CORRECT OPTION(D) 
Orbital degeneracy =n’=6"=36 


CORRECT OPTION(B) 
[A, BC] = [4, B]C + B|A,. C] = 0 { since, [A, 8] = 0 and |A,C] = 0} 
CORRECT OPTION (b)let A = p, which is hermitian perator and V = e~*** be operand . 


AW = pe I * Dk V 
At =~ 72 9 ein = +h?k?e i 
ox? 


Therefore , the-eifen value is positive. 


CORRECT OPTION (D) 
Eigen functions are even values of vibratinal quantum number (n) and odd for odd values of 
n. 
CORRECT OPTION (C ) 
n? . n? 
In 1-D box , AE = 5 (5) and in 2-D box AE = 3 (L5) 


And in 3-D box, AE — 3 ( us ) 


8ml? 


100. CORRECT OPTION (c) 


For odd power of perturbed potential , AE® is always 0. 


101. Correct option (c) 


m-a — 2B 


T2 = Q 
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gf + BEI? 


Enim: =2 Enji—75X4.8 = 9.6eV 


102.Correct option (b) 


Y20-(3cos?@—1) , Yio-cos@ 
Poet Von cos0sin0d0 - f; (3cos?8 — 1)cos0cos0sin0d0 
Bos cos?0(3cos?0 — 1)sin0d0 


103. Correct option (b) 
For normalized molecular orbital must follow the total probability condition 


(=) 2s + [eo 


Psp? = 0192; + C2@2px 
ci-c-1 
cit ci -1,L.H.S. 


2 
2 
2, 2_ (4 zh p rx m 
dd-(z)- ( j = P£Í-ALRHS 
If we assume Wy to point towards x- axis , then the contribution of py orbital in this will be 


zero Le. C; = 0 
Normalization condition of V4 give a2 + b? — 1 


2 1 
bi= E alae 


Ysp = dr: “Beet + Dë 
Let , three sp? orbital are 
Wi = ay, + bibo, + Cifa2py 
Wz = and, + b2@2px + 0202, 
Va = ag, + Baba + C3P2py 
For a2 +a3+a%=1 
since the charge density of s orbital is equally e divided among the three hybrid orbitals 
D =] > q = x^ a, = a, = Q3 = 
In sp? hybridisation % of s — character is 33.3% 


i 


104. Correct option (d) 
Total wave function is antisymmetric = fermions 
Protat = WspinWspace = [1s(1)2s(2)+2s(1)1s(2)] {spatial part } 
= [1s(1)2s(2)- 2s(1)1s(2)] 


a (1) a (2) ; BC) B (2) spin part 
za (DB OBa) a (1)B Q)-B () a (2) {spin part } 
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105. Correct option (d) 


" 
*X e 
, *y 
; +y -) J 
m y 
Principle axis — z-axis 
e? 
-X 


Saure bor Gees 

Point group symmetry Point group symmetry 

C4= along principle axis C4— along principle axis 

4 C2= percendicular to 2 C2= percendicular to principle axis 
principle axis 

Opn = along molecular plane gr = along molecular plane 

C4 D 4C; = Dan C2 L 2C; = Dən 

In rectangle Ly > Lx 

Energy of particle in rectangle box is given as 


E n? E zi 
XY 72 ! 12 

8m? IG r} 
E h? E =| = n? P 
12 72 ' 72/1” oi? 

8m? |L} | 8m? (GG 

E n? [4 il n? [412412 

? em? [| am? | 12.12 
Ly> Ly 

E21 > Ei 


106. Correct option (a) 
E - (n, +n, +n, 2) ho 


9/2ho 
7/2ho 
5/2ho 
3/2hw 


B= 2x > hw + 2X7 hw + 1x2 hw = Z bei 


107. CORRECT OPTION (A) 


b=, + 342 
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Hy, = Ej, 

Hy; = E22 

For average energy , 

(gy = (IRI. (obra) [AIG 392) 
(p* >) (Q1 *3U2).01*3V2)) 


E (91 |B |1)+3 (pa | A v2)*3(2| B |V1)- 9 (22 |B | v2) 
(U1U2)*3(/1U2) 30021) IO EEN 


— E1611) 33E2(91U2) * 3510/21) *9 E2002 V2) 
(V1U2)*3(/1U2)*3()2U1)* 922) 


E1+9E2 _ E1+9E2 _ E1+9E [Vid = 8, 
ee ee ee -=Oifi j 
(149 10 10 a if vip 

ój-lifi-j 


108. CORRECT OPTION (b) 


first order energy correction to the ground state is given by 
ED = | ig +H Wies = EI + AE 


EW EQ? 


IV 


First order energy is not necessarily , it may be positive and zero also . 


109. CORRECT OPTION (d) 


[2m - [eZ] * ber eol o zz 20b pd = Sp 


2m 


110. Correct option is (a) 


H> molecule consists of an electron orbiting about two protons (two nucleus). Here, we can assume 
the protons as stationary objects because the electron moves far more rapidly than protons. 

The unnormalized ground-state wavefunction of the Ha" molecule can be formed by the linear 
combination of hydrogen ground state wave functions centered on each proton (nucleus). 

Therefore, the unnormalized wavefunction of the Hy molecule can be written as (UI, = 


zta zT2 
(em + e% ) and 
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(y. len - e) 


where, r; and r» are the distances between the electron and nuclei 1 and 2, respectively. 


Graph of Y, w.r.t. r/ao Graph of yj... w.r.t. r/ao 


Since, number of nodes in jJ... is greater than the number of nodes in w,, therefore Ey... > Ey. 
Zi mA 
So, (yp, = (e ao + en kat corresponds to the ground state wavefunction of Hz" molecule. 


2L 
n2n? n2n? 
^ 8mQL? 32ml? 
The energy of the level corresponding to n = 8 is 
"BK. _ 2k? 
T 32m? mI? 


111. The energy eigen values of a particle of mass m in a one-dimensional box of length 


112 CORRECT OPTION (d) 


P(x) = e-l2x-12| wegl — e ?Ix-6l for x>6 
e ?|*-6l for x26 


113. CORRECT OPTION (d) 


f 
Given E(a) = Wm 


Ka Se dE 
For variationally optimized energy, n~ 0> 


For variationally optimized energy will be 


au, 9 9 
E (a - 2) - (2) -309 4-75 9-18 _ -3 


1 3 
e (2a4-3)-025a-; 


6 6 4x6 | 2x4 


œo |w 


114 . CORRECT OPTION (A) 
He = 1s! 2s! 


So, 3 [o (1) a(2)* BC) BQ)] 


115 CORRECT OPTION (c). 
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1 1 1 [1 1 1 
e an + peat ts) A Los Tue ty) 
"2" tzgP tigP ege rei eg 
+ 


io) 8 Gg 442 


4 
^ EST OKT 


(en d)8 (kn Al Deele 


- (x qute) Gn qat) Zetëmtzm ef ef 
(He E ERR 


Se aa Wad 1 
4*2*4 
(=x 1. +43 )M (Sx Zen) TEEN 2 84——g 
I WE O E 44 O4 — WEZ R^ 42 4 ..2 4 3 24 x 
s 111 = E 
242 4 
a 
cvy 5 
cute I Eu 
4 


ii.» (ii&iv) > () =a-V2B>a>at nz 


116. Correct option is (c) 


r 


Radial part of the wave function of hydrogen atom is proportional to e "o 


Comparing e 340 with e “0 we get n — 3 

The maximum power of cosÓ is 2. So, 1 = 2. Minimum power ofr is 2. So, 1 = 2 
Angular part of the wave function of hydrogen atom is proportional to e" 
Since, there is no @ dependence in the wave function. Therefore, m = 0 


117 . Correct option is (c) 


T 


Radial part of the wave function of hydrogen atom is proportional to e "og 


Comparing e Zon with e "0 we get n — 3 
The maximum power of cos@ is 2. So, 1 - 2. Minimum power of ris 2. So, | = 2 
Angular part of the wave function of hydrogen atom is proportional to e" 
Since, there is no $ dependence in the wave function. Therefore, m = 0 

Orbital = 3d 
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118. Correct option is (a) 


S 

Energy in 3-D cubic box having length, L — T 
_ 27h? 

Energy = SE 


Possible arrangement 


(3° + 3° + 3°) =27 in, 23, ny =3, n= 3 
(52 + 1? +17) = 275 n= 5, ny = 1,n, 51 
(1? +5? +1?) = 27, ; nx =1, ny = 5, n= 1 
(1? +1? +5?) = 27, ; nx =1,ny =1, n= 5 


Total degeneracy=4 


119. Correct option is (d) 
In dominant resonance structure LiH exist as LAT H". where both electrons lie to 
hydrogen atom. 
The spatial part of the dominant resonance structure of the LiH molecule is 


d = lsu (rı) lsu (r2) 


120. Correct option is (2) 


d 2 —x 2 =x 2 —x 
A(z- x) ez =e -x e2 
dd -* a Æ af zx = a, SE 
——e 2 —-x"e2 = —|——e2 — x"e2 
dx dx dx 2 
—x2 -x2 -x2 =x 


2 


-x2 x 
=-—e2 =(-1)e 2 [eigen function] 


2 2 
d? DEN deu 2 © [dd c 2 
B) (75 x?) ez =ez x*e2z2=(——e2 |+x ez 
Gut dx? + dx dx 
E. Lud 
4 (-xeF) + x?e2 
—x2 -x2 -x2 —x2 -x2 -x 2 
S eu 232-41 
—-xle: —e2a + xez =2x2e2 —e2 = ea; 2X 1| 


Not eigen function, not having eigenvalues. 
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(C) d d Gen nx d (ei? 
dr dr 4 dx 


4 4 
a2 BF nees CT = [eigen function] 
4 uc ta 4 gos 4 g 
(D d d elt — d (4i)e^* = ai (4i) = -16 a [eigen function] 
dx dx dx 


121. Correct option is (a) 
Given molecular orbital in questions: ` 


Nodal plane -l 
6 2 
E 3 
4 
Check options: 
Nodal 
v4 
e > Nodal Nodal 

=2 me=3 
(e) e g plane = 2 (d) pla 3 


Since, in question number of plane = 1 in option (a) has one to nodal plane. Hence, these are degenerate 
states. 


122.Correct option is (d) 

The linear variation method provides upper bounds to the energies of the lowest n bound states of the 
system 

A linear variation function is a linear combination of n linearly independent functions. 

fi tft ft... fh 

$ = cfi + cb tef t... Gen = Ma cif; 


J pAddr 

f p*pdt 

The solution of above function has n roots. Arranging these roots in order of increasing value, we denote 
them as Wi < Wz < Ws ........ <W, 

If we number of bound states of the system in order of increasing energy, we have 

E< E; <E3....< En € Enyy €. 

where E's denote the true energies of various states. From the variation theorem, we know that E4 < Wi 


The variation integral W is, W = 


123. Correct option (a) 
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3 
Zu 2nz 


2 
VER (x, y, Z) = Y sin? 1 nom sin- 
Here, nx=2 , ny=3 ,nz=2 
The energy spectrum , is 
| = nin? u nih? n2n? 
x 8ml? ` Y ^ 8m?’ 7 ` gmi2 


(E) - 99 ; (P?) = 2m(E) 


(p?) = OME, ) + 2m(Ey) + (2mE,) = 2m |(E,) + (Ey) + (E;)] 
2 Ex 9n? +4- > x [PE] - m 
8m * am * 8m m imel ae 


124. Correct option is (d) 

The energy spectrum for two dimensional square box of length L is, 
(n2-n2)n? 

Enxny = ^ Sm? {lx E ly =l j 

Three non-interacting Electron 

Electron (spin 1/2), act as a fermion 

2 spin half electrons filled in one energy levels 


(2,2) 


A 12) (2,1) 


(124 12)h? (22+ 12)h? 4h? 5h? 9h? 
round state energy= 2 ——— +1 —~=— = = 
Ground state ene 8y 8ml? 8ml? 8m? 8ml? 8ml? 


125. The eigen functions are = dt) = seme 
Therefore, the first order correction due to a perturbation H'=uEcos @ will be, 


Ej? = (i IH Idi) - 7 fy e ""* cosp.e™t do = $ eiss" = 0 


212 


The original energy is, Ei— Therefore, the corrected energy (upto first order) is, E1 + E e = 


m? h* o- mp 
2] *9— 721 


Correct option is (d) 


126. Correct option is (b) 
For He* 
He" = Is! (one electron system) [I= 0 ‚n= 1, z=2] 
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Quantum Chemistry 


a 3a 
(r) = 2 [3xn? — IO rt 1)] = =" [3x1 - 0(0 + 1)]; (r) = 41-01-27 
127. Correct option (a) 
H= EVO. 4 Px- Ab 2 
[H, x] 
14.3 
1 n d uh E 
"aha inu, (22) vs 
2/2 2 19 
—h'[8 —h'[28 
[H, vi, = (= GJ va) Px = ES (=) + d Vx 
= (25 ee —n2 a2? 
2m + Vy XWy +x 2m ax? Wx XV, Wx 
oF 2 2/42 
—h' a a —h'[(28 —h' a a h’ {a 
<r mu CV) + urban = Sr oe Page e] + «2 (2) 
2 T 2 / a2 
—h' a a xB d 
^ 2m 2 (x2y,)-2 2m a+ (Za) 
2 2 2 2729 
—h d a h^ a h” à h’ {a 
SEN SEO Zy- Sm pDr m EE 2v. 
2 2 2 2 2g 2 
—h d h^ à h^ à h°/ ð 
GC ET See eh LZ 
2 2 
—2h' a h“ a h a h/ .~a\)_ h | -ih 
"Tm t= ae ole le hag) |= me PG 


128. Correct option (b) 

Since, [£, p,"] = nihp," ! 

Putting n — 2 in the above relation, we get 
D Bx’ | = 2ihp, 


129. Correct option (a) 
Since, it is not mentioned in the question about the wavefunction, hence, 
electron density is distributed equally over all the carbons. q; = 3. naj; 


130. Correct option (c) 


Since we know, 


uut 
= DD 


2 


for total molecule, the 
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Quantum Chemistry 


1 

^ (E) = 5m’) 
2x(E 
-—(»- oe) 

2x13.6X1.6x10719 


GEESS = 47x10? 


131. Correct option (b) 
The perturbation given in the question (V — E.z) is electric field perturbation, which is Stark effect 


perturbation along z-axis. This is highly dependent on m values, for orbital 2s and 3d? the m value = 0, 
thus option (a) and option (d) are incorrect. In option (c), 3p, orbital is oriented towards y-axis, thus its 


contribution will be negligible, hence, correct answer is option (b) 
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UANTA 13 


Group Theory 


Hints & Solutions 


Correct option (a) 

I -«[(6))« 1x3) 910] = 
Es =Ž[(6x1)+(2x1x3)+(3x-1x0)] ze 
E -c[(6x2) (2-143) « (3x0x0)] zl 
T=2A,+2A,+E 

Correct option (d) 


The direct product of two energy state should transform accoeding to x,y or z axis for electronic transition 


A, * ACA transform with z axis ^ allowed 
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Group Theory 


A.* E=E = transform with x,y axis = allowed 
A»* E= E = transform with x,y axis = allowed 
Ai* Ao= A» = transform with x,y or z axis = FORBIDDEN 


3. Correct answer (b) 
Staggerd ethane- point group Daa. 


C4 H 
H H, 1 .H 
m D Y C; 
¢ ! v2 
E 
E SE 
u^ VH Hg H 
H,CCH, 
H,CCH, 3073 


4. Correct option (c) 
Y= Pi42P2+2P3+P, (equation shows 0 nodes) 


E C2 Oy Oy 
1 -1 -1 1 


This belongs toB». 


P= 2P1-P2-P3+2P,4 (equation shows 2 nodes) 


E C2 Oy Oy 
1 -1 -1 1 
This belongs toB». 


5. Correct option (a) 
The number of irreducible representations is equal to number of classes of symmetry operations 
in the group. This is the first postulate of Great Orthogonality Theorem (GOT). 


6. Correct option (a) 
E 2C5 C2 20, 20a 
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Group Theory 


7. Correct option ( c) 
Transition A; to B; can be evaluated by direct product A; x B; and its transition. 


A, x Bi = 


E C2 Ov Ov’ 

1 1 1 1 

X X X X 

1 -1 1 -1 

1 -1 1 -1 =B; 


Bı transforms Al to Bl according to x axis and hence, transition will be x- polarized. 


8. Correct option (d) 
BH, has Dən point group and S» axis. 
CH; has Td point group and S4 axis. 
PH; has Da point group and S; axis. 
SF6 has Oy point group and S; axis. 
So, SFs has S6 axis. 


9. Correct option (c ) 


CsHsN H Z 
| 
H C H 
cT Sg 
L A md 
H Sei rte NH 


Cry point group. 


Reducible representation by 3N coordinates. 


Coy E C5 Oy Ow’ 
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Group Theory 


R.R. 33 -3 3 11 
nai = (%)[33-3+3-11]=11. naz = (14)[33-3-3-11 ]-4. 
ngi = (%4)[33+3+3-11]=7. ng? = (%4)[33+3-34+11]=11. 
R.R.= 11A1+4A2+7B)4+11B2 
Rotational= A»t* But B2 
Translational= A,+ Bı+ B2 
Vibrational=10 Aj 3A2+ 5B149 Bo= 27 
Out of 27 ,3A2 are IR inactive. 

So, Total IR active 10 A;+5B1+9 Bo 
Total vibrations=24 vibrations. 


10. Correct option (c) 
Number of classes: E, 2C6 , 2C3 , C2 , 30a, 30y=> 6 
Total operation=1+1+1+1+1+1=6 
Order = 1+2+2+1+3+3=12 


11. Correct option (b) 


1 1 -1 -1 -1 


2- antisymmetric " -Parallel to 
wrt subsidiary the on plane. 


Dimension 1 
means 
mulliken 


axis 


; u- antisym. wrt 
DE 
tss F inversion 
to principal axis 


So, A5, will be Mulliken symbol. 


symbol A or B 


12. CORECT OPTION (C) 


X 


| 
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Group Theory 


The structure has 3 C» axis perpendicular to each other. If C2 (z) is P-axis. Then, there is two vertical 
plane also. 


C2+2C2+20,= D»apoint group. SCH SE 


fa TET 


da M. 


13. Correct option (b) 
If the direct product of ground and excited state transforms according to the x,y,z axis then the 
transition will be allowed. 
Agx B= Ix1,1x-1,-1x1,-1x-1 
= ],-1,-1,1 
= By. 
And B, transforms as per x —axis . hence , Bg to Ag transition will be x- polarized. 


14. Correct option (b) 
PROPYNE- Ca 


3 


I 
Min [ 


M 


15. Correct answer (d) 
The triclinic crystal with parameters azbzc and aZB#y#90° is least symmetric. Therefore, no 
axis of symmetry. 


16. Correct option (d) 


The low temperature (-98*C) PF NMR spectrum of SF; F 
shows doublet of triplets. It is consistent with the point | PÀ F 
group symmetry Coy. Lae 
=== oe a cer 
p 
F 
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Group Theory 


17. Correct option (a) 


Boe 2x2 CI*Cl) [0x0 
4 l 0 


nai = (1/6) [4+2+0]=1 ; na2= (1/6)[4+2-0]=1;  ng- (1/6)[8-2-0]=1 
Therefore, E X E= Aı+A2+E 


18. Corect option (c) ‘ 


The product of C2(x) x Ca(y) is C2(z). 
O 
H H — > L. 
Pu x SCH * Ss N 
H H — 6 O cav) H2 Hy 
cis 
O 
JAN S sm CN 
H/ | H9; e He Hı 
M 


19. Option coorect(a) 
Check the structures. 


20. Correct option (d) 


Cov E Co Oy Oy’ oy 
No. of unshifted atoms 10 0 0 10 f i 
Contribution per atom 3 -1 1 1 H H 
Reducible representation 30 0 10 0 Ho i 
nai = (4)[30+0+10+0]=10. naz = (⁄4)[30-10]=5. ds 

npi = ('4)[30+0+10+0]=5. np2 = (%)[30+10]=10. 


R.R.= 10A1+5A2+5Bi+10B2 

ROTATIONAL= A;*B*B» 

TRANSLATIONAL- A;+Bı+B2 

VIBRATIONAL= TOTAL- (ROT.+TRANS) 
= 10A)4+5A2+5B)+10B>- [A2+Bi+B2+A {+B +Bz2] 
=9 A ı+3Bı+8B2 


21. Correct answer (a) 
o" x S4 = o?" x Cy x o? = Cx (0? x o? J= C4 x E = ei 


22. Correct option (a) 
(x,y,Z) ——— (X,y,-Z) —— (x,-y,Z) 
Oxy CG 
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Group Theory 


So, CJ X Oxy Oxz 


23. Correct option (b) 
If the sign is changed it is called ' “a 


— S 
de 


71-BMO 


e = 


n*-ABMO 


24. Correct option (d) 

E 8C3 3C5 6S4 60a 
IRR 15 0 -1 -1 3 
n(A)-1 ; n(Œ)1 ; n(T2)=3 ; n(A5-0 ; n(T)p-l 
IRR= At E4Ti4 3T2? 

Translational = 

Rotational =T; 

So, normal modes of vibration= A,+E+2T> 

Now IR active modes= T». 


25. Correct option- (d) 
C2+2c2+ 20y+lon=Don 


26. Correct option (a) 
Raman active vibrations transform according to quadratic functions of x,y and z which are Ag 
and Bs. 
27. Correct option (a) 
The molecule is chiral. 
Therefore, no plane, only one C». 


ce Pul 
T 
4 Cl 


28. Correct option (b) 
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Group Theory 


Cat lon > Can, 


29. Correct option (d) 
From column (3) and (4) ,infront of ‘’E’’ irreducible representations , it is clear that there is a 
pair of IR active modes which are degenerate. 
Degeneracy of E=2. 


30. Correct option (b) 
Tai= (1/6) [6x1x1+0+2x3x1]=2 
I427 (1/6) [61x 1+0-6]=0 
T= (1/6) [6x2+0+0]=2 


31. Correct option (b) 


T d Du TA ^u, uc Du 


2 


Equivalent 


32. Correct option (b) 
Aj l 1 1 1 


AıxBı = 1 -1 1 -1 — x polarized 


33. Correct option (d) 
The polar point group are 
Lan , Ch C, , Cs 


34. Correct option (d) 


3 3 
Bes C2 x o`°= Cixo = S3, 


35. Correct option (c) 


Character table of C3, points group and complete table is : (appyling GOT we can obtain A2) 
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Group Theory 


36. 


37. 


38. 


39. 


40. 


C3v E 2C3 30v 
Ai 1 1 1 
A2 l 1 -1 

E 2 -1 0 
Correct option (d) 


Az :- A- symmetric wrt C5 (principal axis), 2- antisymm. wrt C» and (^") for 
the given vibrational is not symmetric wrt on. 


Correct option(a) 
Once C2 passing through B andCl atoms, two hydrogen interchange the A 
Position but remain same molecule. 


Correct option : (a) 
According to GOT theorem, any two IR must be orthogonal to each other. 


Correct option (b) 


= 


If ethylene molecule is 1 -plane 


(Towards up) 
y 


S OL b 


C———C ———————» x (Towards right) 
E 
e a CN 


(Towards & Away 
from viewers) 
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Group Theory 


y (up) 


Kë x (Right) 


z (Above plane) 


E C2(z) C2(y) C2(x) i OXy OXZ OyZ 


l 1 -1 -1 -1 -1 1 l 


Which suggests, it should be Biu 


41. Correct option (d) 
Byy,XByg =1 -1 -1 1 -1 1 1 —1 > z(Bà) 


42. Correct option (b) 


Q o 
YO 09 wd V4 
$ B H H 


The correct irreducible representation corresponding to the above z-orbital for cis-butadiene is 


H 


f 
E Co | Oy | Oy 


A; |1 |1 lal 


43. Correct option (b) 


The representation I for the C», point group is as 


, 
E | Gs | 65 | 05 


T | 3 1 1 3 


The number of irreducible Ay==[3x1x1 +1x1x1 +1x1x1 4+ 3x1x1] 
1 1 
=7[134+14+1+3]=2x8=2 


44. Correct option (d) 
C, 
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Group Theory 


C4: Passing through two opposite faces 
C5: Passing through two opposite edges 
C5: Passing through two opposite corners, containing body diagonal. 


45. Correct option (b) 


Ai 1 1 l 
2A2 2 2 -2 -2 
5B2 5 -5 -5 5 
Aı+2A2+ 5B2 8 -2 —6 4 


46. Correct option (b) 
fı € A5 and f2 e Bı 
A2 x Bi = Bo 


Since the product does not belong to totally symmetric representation (A1) so the integral J fıfzdt must 
be zero. 


47. Correct option (b) 
Iip = A, + 2E' + A7 


A; is Raman active only. EI is both Raman and IR active (doubly degenerate), A7 is IR active only. IR 
bands 995, 480, 244 (in cm ') 


Since bands at 995 cm ` and 244 em are observed in both Raman and IR spectrum, they must be 2E’. 
The other Raman band observed at 471 cm `. so it will be Aj 
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Group Theory 


48. Correct option (a) 
S? = Ce = C2.F =C?.0? 


Trace of CZ --i-i4120 


49. Correct option (c) 


Not shifting means unchanged orientation, and in such case the most logical answer would be option (c) 
1,1 but it can vary depending upon the molecule. 


50. Correct option is (d). 

The first operation can be simplified as, 

s3 = $5 =i S 

And for SZ" where n= odd, we get, S2"— E. 
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UANTA 


14 
Data Analysis 


1. Correct option (d) 
since, y2 = 4x 


after 1% increase in value of x 


y= 2x!” 
BY og E 
y X 


1 
"o error in y= * % error in X 


1 
=X = 
2 0.1 = 0.05 


2. Correct option (b) 


Hints & Solutions 


for data set {X Y}. when equation is Y=AX+B 


its deviation are taken from middle period so that »3 X =0, the value of A and B can be directly written 


XY KS Y 
asA= x^v; andB-^ Zi 
iX N 
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QUANTA POINT | Data Analysis 


3. Correct option (b) 


FWWxG_ 


For A, RSD = 4 
XW 

For B, RSD = PAM" 3 
FWW 


More RSD less precise, less RSD more precise. 


4. Correct option (c) 


8 
for value of slope m = = 
x 


Ry 113-111 02 
Te Ae I cg. WdAceAd ^i 

Ze, 115—109 0.6 
en EE EE e 


2 


Mma = 


thus m, > m, and for the value of c < C 


5. Correct option (d) 
if two arbitrary variables x and y then measure of intensity of correlation coefficient 


n[Xxy -XxXyl 
[nx x8 — Qi x*]InXy* — Oy) 


if (xy) x( An 
=> Xxy-2XxxXy 


=> [r=0] 
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QUANTA POINT | Data Analysis 


6. Correct option (a) 
the value of correlation coefficient lies between -1 to +1 


the value found -0.99 near -1 mean strongly correlate if value outside of -1 to +1 almost on correlated 


7. Correct option (a) 
Covariance, A = E Dir Ca -W0 — Yd 


X y Xi — Xk yi— X 
1 l -1-0 = 142 = \-1 
0 2 0-0 = 0 (an WI —1 
1 3 1-0 = 1 EK 1 
x=0 andy=-=2 
F a zi E zi - 
thus A =~ (Gg — X) yg — Y) XC a — Elte — YH XC s Elie 32) 
F 
= (C0CO0r 0 (0f X )0)) 
=& 
» m 
: : Eus x9 n p(qo9d p 
Correlation Coefficient, B= JEU" EG ac 
xi — Xk yi — Yk 
—1 —1 
0 0 
1 1 


NC 2 x)6 = (xy — EI + (xg — EI + (xm— EI = (-1)8 + 08 + 1% 22 


2,0 1-35 = We - 5 + Qs - "+ 0-5 = (C9 + 08 + 16 =2 


2.683001 32 72 
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QUANTA POINT | Data Analysis 


8. Correct option (b) 
Xp = 15.8 xg = 15.4 Xm = 15.6 X, =16 
n=4 


15.8 + 15.4 + 15.6 + 16 
p cS 15.7 


à =x)" (xg — EI + (xa — EI + (X — X)9 LD AD^ 

oO — ———— = ——_—__ CC 0200” 0 Oe 
n n 
_ {(FXv9FX.w) Tx(FXs9FX.w) Tx(FX19FX.w) Tx(FI9FX.w) T 
S 
= (W.FJ'x(9W.m)Tx(9W.F) Tx(W.m]. _ [WWEXW.WyxW.WFxW.Wy 
S S 
= |= «(05 


G 
variance (slosest value) = o6 = (V0.05) = 0.05 


x= 


9. Correct option (c) 
n= 10, variance = 0.04, <=8 
Standard deviation, o = Vvariance = v0.04 = 0.20 


Coefficient of variance = »»- T 0.025 


Percentage coefficient of variance = 0.025 x100% = 2.5% 


10. Correct option (c) 


four sets of measurements are 1.71x10? ,1.77 x10? ,1.79x10? and 1.73x10? 


(F.wFxF.wwxF.wyxF.wm) 


therefore, average (mean) value = x10” = KT8?* 
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QUANTA POINT | Data Analysis 


Emon) T 
V 


= J/0.0010x10?FW = 0.0316x10? 
which is in the range of 0.03x10? — 0.039x10? 


standard deviation, ó — 


11. Correct option (d) 


in a titration, the percentage uncertainties in the measured aliquot volume and the measured titre volume 
are +x and +y respectively. 


The percentage error in concentration of aliquot is (x8 + y 9/6 


12. Correct option is (c) 


Covariance shows the tendency in the linear relationship between the variables. 
If y = f (x) « x (where n > 1), then cov(x, y) =+ ve 
If y =f (x) œ x (where n < 0), then cov( x, y) = -ve 


If y =f (x)oc x, then cov( x, y) =0 
For options (a), (b) and (d), y « x^— cov( x, y) = + ve 
For option (c), y oc x cov(x, y) =0 


13. Correct option (a) 
> /3.2+5.2+7.2 
Re (-——— ) ppb = 5.2ppb 


ez (3.2 — 5.2)6 + 5.2 — 5.2 )6 + (.2 — 5.2 )6 
Fm Zi ———————]À20/27 7 
ae 
= 
— ppb = STE ppb 


969 "Tea! 


14. Correct option (b) 


Sh. C4 = Tare efëën do" compare it with f(x ) = e 


M aT 


variance = gf; on comparison, variance = af 
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QUANTA POINT | Data Analysis 


15. Correct option (c) 


-2(x—6) x>6 
Péc) = e(-2x-12) = e(-2k-6) = x , 
d C5 ee) x<6 
since the probability distribution is symmetric about x=6, therefore the average value of the physical 
observable ‘x’ will be equal to 6 
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